The investigation of the decomposition of diazonium salts in aqueous solution by Smith, Benjamin Dennis
I n p r e s e n t i n g t h e d i s s e r t a t i o n a s a p a r t i a l f u l f i l l m e n t o f 
t h e r e q u i r e m e n t s f o r a n a d v a n c e d d e g r e e f r o m t h e G e o r g i a 
I n s t i t u t e o f T e c h n o l o g y , I a g r e e t h a t t h e L i b r a r y o f t h e 
I n s t i t u t e s h a l l m a k e i t a v a i l a b l e f o r i n s p e c t i o n a n d 
c i r c u l a t i o n i n a c c o r d a n c e w i t h i t s r e g u l a t i o n s g o v e r n i n g 
m a t e r i a l s o f t h i s t y p e . I a g r e e t h a t p e r m i s s i o n t o c o p y 
f r o m , o r t o p u b l i s h f r o m , t h i s d i s s e r t a t i o n m a y b e g r a n t e d 
b y t h e p r o f e s s o r u n d e r w h o s e d i r e c t i o n i t w a s w r i t t e n , o r , 
i n h i s a b s e n c e , b y t h e D e a n o f t h e G r a d u a t e D i v i s i o n w h e n 
s u c h c o p y i n g o r p u b l i c a t i o n i s s o l e l y f o r s c h o l a r l y p u r p o s e s 
a n d d o e s n o t i n v o l v e p o t e n t i a l f i n a n c i a l g a i n . I t i s u n d e r ­
s t o o d t h a t a n y c o p y i n g f r o m , o r p u b l i c a t i o n o f , t h i s d i s ­
s e r t a t i o n w h i c h i n v o l v e s p o t e n t i a l f i n a n c i a l g a i n w i l l n o t 
b e a l l o w e d w i t h o u t w r i t t e n p e r m i s s i o n . 
3/17/65 
b 
T H E I N V E S T I G A T I O N O F T H E D E C O M P O S I T I O N O F 
D I A Z O N I U M S A L T S I N A Q U E O U S S O L U T I O N 
A T H E S I S 
P r e s e n t e d t o 
T h e F a c u l t y o f t h e G r a d u a t e D i v i s i o n 
b y 
B e n j a m i n D e n n i s S m i t h 
I n P a r t i a l F u l f i l l m e n t 
o f t h e R e q u i r e m e n t s f o r t h e D e g r e e 
D o c t o r o f P h i l o s o p h y 
i n t h e S c h o o l o f C h e m i s t r y 
G e o r g i a I n s t i t u t e o f T e c h n o l o g y 
J u n e , 1 9 6 6 
T H E I N V E S T I G A T I O N O F T H E D E C O M P O S I T I O N O F 
D I A Z O N I U M S A L T S I N A Q U E O U S S O L U T I O N 
A p p r o v e d : 
C J a a l t f m a n ' ( 
D a t e A p p r o v e d b y C h a i r m a n : 
i i 
To my p a r e n t s 
i i i 
ACKNOWLEDGMENTS 
The au thor i s p a r t i c u l a r l y g r a t e f u l t o Dr . James R. Cox , J r . f o r 
h i s g u i d a n c e , i n t e r e s t , s u g g e s t i o n s and suppo r t d u r i n g t he c o u r s e o f t h i s 
r e s e a r c h . Thanks a r e a l s o due t o Dr . Drury S. Caine and Dr . Char le s L . 
L i o t t a f o r r e a d i n g and f o r t h e i r s u g g e s t i o n s on improvement o f the t h e s i s . 
He i s a l s o a p p r e c i a t i v e o f t he f i n a n c i a l suppor t r e c e i v e d f rom the N a t i o n a l 
S c i e n c e F o u n d a t i o n . He i s g r a t e f u l t o t h e p h y s i c a l - o r g a n i c group a t 
G e o r g i a Tech f o r much a s s i s t a n c e . I n p a r t i c u l a r , a p p r e c i a t i o n i s e x ­
p r e s s e d t o M i c h a e l F. Dunn f o r t he d e s i g n o f t he s e c o n d d e g a s s i n g appara tus 
and f o r o t h e r s u g g e s t i o n s , t o Mr. Gary Newton f o r a s s i s t a n c e i n w r i t i n g the 
computer p rogram, and t o Pamela S y l v e s t e r f o r p e r f o r m i n g some o f the p r e ­
l i m i n a r y e x p e r i m e n t s . 
F i n a l l y , t he au thor w i s h e s t o e x p r e s s s i n c e r e a p p r e c i a t i o n t o h i s 
p a r e n t s , Mr. and Mrs . P . P . Smi th , f o r t h e i r encouragement and s u p p o r t . 
i v 
T A B L E O F C O N T E N T S 
P a g e 
A C K N O W L E D G M E N T S i i i 
L I S T O F T A B L E S v i 
L I S T O F I L L U S T R A T I O N S v i i 
G L O S S A R Y O F A B B R E V I A T I O N S v i i i 
C H A P T E R 
I . I N T R O D U C T I O N 1 
I I . L I T E R A T U R E E V I D E N C E F O R O N E - E L E C T R O N T R A N S F E R 
A N D F R E E R A D I C A L R E A C T I O N S O F D I A Z O N I U M S A L T S . . . 6 
, R e a c t i o n s w i t h A m i n e s 
R e a c t i o n s w i t h R e d u c i n g R e a g e n t s 
P h o t o d e c o m p o s i t i o n s 
P h y s i c a l M e a s u r e m e n t s a n d H a m m e t t C o r r e l a t i o n s 
I I I . L I T E R A T U R E E V I D E N C E C O N C E R N I N G T H E D E C O M P O S I T I O N O F D I A Z O N I U M . S A L T S I N T H E A B S E N C E O F R E D U C I N G R E A G E N T S 22 
P r o p o s e d M e c h a n i s m s 
R e a c t i v i t i e s 
I V . P U R P O S E O F T H E R E S E A R C H W O R K P R E S E N T E D I N T H I S 
T H E S I S 3 5 
V . E X P E R I M E N T A L I N S T R U M E N T S , P R E P A R A T I O N O F R E A G E N T S , 
E X P E R I M E N T A L A P P A R A T U S A N D P R O C E D U R E 3 7 
I n s t r u m e n t s U s e d 
P r e p a r a t i o n o f t h e D i a z o n i u m S a l t s 
P r e p a r a t i o n o f O n e - E l e c t r o n T r a n s f e r R e a g e n t s 
P r e p a r a t i o n o f S o l v e n t s , B u f f e r s a n d N i t r o g e n 
A p p a r a t u s a n d E x p e r i m e n t a l P r o c e d u r e U s e d t o 
C o l l e c t D a t a f o r K i n e t i c S t u d i e s 
M a t h e m a t i c a l T r e a t m e n t o f K i n e t i c D a t a 
E x p e r i m e n t a l P r o c e d u r e S e e k i n g E v i d e n c e f o r 
C o m p l e x F o r m a t i o n 
M i s c e l l a n e o u s R e a c t i o n s 
V 
TABLE OF CONTENTS ( C o n t i n u e d ) 
CHAPTER 
V I . 
VII. 
V I I I . 
I X . 
BIBLIOGRAPHY 
VITA . . . . 
Page 
EXPERIMENTAL RESULTS 61 
P h y s i c a l C o n s t a n t s f o r t h e Diazonium S a l t s and 
Complexing Reagents 
S t u d i e s w i t h TMPD 
K i n e t i c and Product S t u d i e s 
U l t r a v i o l e t S p e c t r a S t u d i e s 
N u c l e a r Magnet i c Resonance S t u d i e s 
DISCUSSION OF EXPERIMENTAL RESULTS 9 0 
P r e p a r a t i o n of Diazonium S a l t s and Complexing 
Reagents 
S t u d i e s w i t h TMPD 
K i n e t i c and Product S t u d i e s 
U l t r a v i o l e t S p e c t r a S t u d i e s 
N u c l e a r Magnet i c Resonance S t u d i e s 
CONCLUSIONS 1 1 7 
RECOMMENDATIONS 120 
127 
. . . . . . . . 133 
v i 
LIST OF TABLES 
Table Page 
1. Quan t i t i e s I n d i c a t i n g S t a b i l i t i e s of Diazonium S a l t s 32 
2 . The P h y s i c a l Constants f o r the Diazonium S a l t s 62 
3. Data f o r A l k y l a t i o n and Decarboxyla t ion React ions 63 
U. The P h y s i c a l Constants f o r the Complexing Reagents 6 4 
5. S to i ch iome t r i c S tud ies between TMPD and Diazonium S a l t s . . . 66 
6. Time S tud ies f o r the Appearance of the R a d i c a l - c a t i o n . . . . 67 
7. K ine t i c Rate Constants f o r the Decomposition of the 
Benzenediazonium Te t ra f luo robora te a t 30.0+0.01° C 70 
8. K i n e t i c Rate Constants f o r the Decomposition of the 
4-Methylbenzenediazonium Te t r a f luorobora te a t 30.0+0.01° C . . 71 
9 . K i n e t i c Rate Constants f o r the Decomposition of the 
4,-Nitrobenzenediazonium Te t r a f luorobora te a t 30.0+0.01° C . . 72 
10 . K i n e t i c Rate Constants f o r the Decomposition of the 
4-Methoxybenzenediazonium Te t ra f luo robora te a t 30.0+0.01 C . 73 
1 1 . E x t i n c t i o n C o e f f i c i e n t s of the Diazonium S a l t s 77 
1 2 . Nuclear Magnetic Resonance S tud ies f o r P o s s i b l e Complex 
Formation 84. 
1 3 . Nuclear Magnetic Resonance S tud ies of the Diazonium S a l t s . . 85 
H . Nuclear Magnetic Resonance S tudies of the Complexing Reagents 86 
1 5 . Nuclear Magnetic Resonance S tud ies f o r the Compounds where 
the Diazonium Function has been rep laced wi th the Ni t ro 
Function . 87 
1 6 . Nuclear Magnetic Resonance S tud ies f o r the Tr iazenes 88 
1 7 . Nuclear Magnetic Resonance S tud ies of the A n i l i n e s 89 
v i i 
L I S T O F I L L U S T R A T I O N S 
F i g u r e P a g e 
j . F i r s t D e g a s s i n g A p p a r a t u s . 4 8 
2 . S e o o n l D e g a s s i n g A p p a r a t u s . . . . . . . . 5 0 
3 . U V o f B e n z e n e d d n z o n i u m T e t r a f l u o r o b o r a t e e n d 
4 - N i t r o d i m e t h y l p n i l i r . e , , 7 8 
4 . U V o f 4 - M e t h o x y b e n z e n e d i a z o n i u m . T e t r a f l u o r o b o r a t e a n d 
4 - N i t r o d i m e t h y l a n i l i n e , . . 7 8 
5 . U V o f 4 - N i t r o b e r : z e n e d i a z o n i u m T e t r a f l u o r o b o r a t e a n d 
4 - N i t r o d i m e t h y l » n i l i n e . ., , . . 7 9 
6 . U V o f B e n z e n e d i a zoriir:.iT: T e t r a f l u o r o b o r a t e ?n I 
4 - ^ e t h o x y d i m e t h y l a n i l i n e , . . 7 9 
U V o f 4 - M e t h o x y b e n z s n e d i a z o r . i u m T e t r a f l u o r o b o r a t e a n d 
4 - M e t h o x y i i m e t b y l s ; r . . i l i n e . . . . 8 0 
8 . U V o f 4 - N i t r o b e n z o r : e d i a z o n i u m T e t r a f l u o r o b o r a t e a n d 
4 - M : 3 t h o x y d i : n e t h y l a n i l i n 3 8 0 
v i i i 
GLOSSARY OF A B B R E V I A T I O N S 
A a b s o r p t i o n 
Ajjqp i n f i n i t y a b s o r p t i o n 
A j N T i n i t i a l a b s o r p t i o n 
AL l e a s t s q u a r e s a b s o r p t i o n v a l u e 
A<j. e x p e r i m e n t a l a b s o r p t i o n v a l u e 
BD i n i t i a l c o n c e n t r a t i o n o f t h e d i a z o n i u m s a l t 
BL l e a s t s q u a r e s c o n s t a n t 
c c o n c e n t r a t i o n ( m o l e s p e r l i t e r ) 
° G d e g r e e s c e n t i g r a d e 
cm c e n t i m e t e r 
$ a b s o r p t i o n , p a r t s p e r m i l l i o n (ppm. ) 
D i a z . d i a z o n i u m s a l t 
D I F m a t h e m a t i c a l v a r i a b l e 
e e x t i n c t i o n c o e f f i c i e n t 
e-g^ e x t i n c t i o n c o e f f i c i e n t o f m o l e c u l a r c o m p l e x 
g r . g rams 
HOAc a c e t i c a c i d 
H-^PO^ p h o s p h o r i c a c i d 
k r a t e c o n s t a n t 
Kg^ e q u i l i b r i u m c o n s t a n t f o r m o l e c u l a r c o m p l e x 
KPLjPO^ m o n o b a s i c p o t a s s i u m p h o s p h a t e 
J c o u p l i n g c o n s t a n t , c y c l e s p e r s e c o n d 



















T M P D W 
UV 
potassium iodide 
least squares rate constant 
light path through the solution 
mathematical variable 
molarity, moles of solute per l i t e r of solvent 
meta 
millimeters of mercury 
mi l l i l i te rs 
millimicrons 
normal 
number of data points 
sodium acetate 
para 




in i t i a l concentration of tertiary amine 
N,N,N'N' - tetramethyl-£-phenylenediamine 




C H A P T E R I 
I N T R O D U C T I O N 
S i n c e t h e d i s c o v e r y o f a r o m a t i c diezo c o m p o u n d s i n 1 8 5 8 b y P e t e r 
G r i e s s . , a l a r g e v a r i e t y of r e a c t i o n s e m p l o y i n g t h e a r o m a t i c d i a z o c o m ­
p o u n d s a s t h e s t a r t i n g m a t e r i a l h a s o c c u p i e d t h e r e s e a r c h e f f o r t s o f a 
s m a l l a r m y o f c h e m i s t s . S o m e s u c h r e a c t i o n s o c c u r w i t h o u t l o s s o f n i t r o ­
g e n , , f o r e x a m p l e t h e r e d u c t i o n o f d i a z o n i u m s a l t s t o h y d r a z i n e s ? a n d 
d i a z o c o u p l i n g . C o u p l i n g r e a c t i o n s o c c u r w i t h a c t i v a t e d a r o m a t i c c o m ­
p o u n d s
 5 p h e n o l s a n d a r o m a t i c a m i n e s , a s w e l l a s w i t h n e t i v p t e d m e t h y l e n e 
g r o u p s . O t h e r s r e s u l t i n t h e r e p l a c e m e n t o f t h e d i a z o n i u m g r o u p b y 
a n o t h e r f u n c t i o n a l g r o u p . E x a m p l e s o f t h e s e r e a c t i o n s , , y i e l d i n g a v a ­
r i e t y o f p r o d u c t s ? i n c l u d e n u m e r o u s " n a m e r e a c t i o n s " s u c h R S t h e 
S a n d m e y e r , S c h i e m a n n a n d M e e r w e i n r e a c t i o n s . B e n z y n e i n t e r m e d i a t e s m a y 
b e f o r m e d i f a n e a s i l y l o s t g r o u p o c c u p i e s t h e o r t h o p o s i t i o n . N u c l e o -
p h i l i c d i s p l a c e m e n t o f g r o u p s s u c h a s t h e n i t r o g r o u p a n d h a l i d e i o n s 
w h i c h h a v e b e e n a c t i v a t e d b y a d i a a o n i u m g r o u p i n t h e o r t h o o r p a r a 
p o s i t i o n s m a y o c c u r . 
T h e u t i l i t y o f t h e s e r e a c t i o n s l i e s i n t h e f a c t t h a t t h e d i a ­
z o n i u m s a l t s a r e e a s i l y a c c e s s i b l e s u b s t a n c e s a n d u n d e r g o t h e a b o v e -
n a m e d r e a c t i o n s u n d e r r e l a t i v e l y m i l d ? a l t h o u g h d i v e r s e 3 c o n d i t i o n s 
w i t h o u t t h e n e c e s s i t y o f o t h e r a c t i v a t i n g g r o u p s . 
T h e s e r e a c t i o n s h a v e b e e n t h e s u b j e c t o f s e v e r a l e x c e l l e n t d i s ­
c u s s i o n s . I n h i s c l a s s i c a l w o r l c s K . H . S a u n d e r s d i s c u s s e s t h e r e a c t i o n s 
f r o m a p r e p a r a t i v e p o i n t o f v i e w . ' 1 W . A . W a t e r s ^ a n d H . Z o l l i n g e r ^ h a v e 
2 
t r e a t e d t h e r e a c t i o n s a c c o r d i n g t o r e a c t i o n mechanisms. The p o s s i b l e f r e e 
r a d i c a l na ture o f some of t h e s e r e a c t i o n s has been rev iewed by W. A . Wa­
t e r s , ^ C. W a l l i n g ^ and G. S o s n o v s k y . ^ 
The work w i t h which t h i s t h e s i s i s concerned had i t s b e g i n n i n g i n 
t h e a t t e m p t t o s t u d y t h e d e t a i l s of a r e a c t i o n which was thought t o be o f 
t h e t y p e i n which t h e c a r b o n - n i t r o g e n bond i s c l e a v e d . A p r i o r i , b o t h 
h o m o l y t i c and h e t e r o l y t i c pathways must be c o n s i d e r e d as p o s s i b l e c o u r s e s 
f o r such a r e a c t i o n „ Each major t y p e may be s u b d i v i d e d a c c o r d i n g t o 
whether t h e d iazonium s a l t r e a c t s s ingular ly or f i r s t r e a c t s w i t h a second 
s p e c i e s . Some p o s s i b i l i t i e s are g i v e n by t h e g e n e r a l e q u a t i o n s 1 through 
7 . One through 3 r e p r e s e n t h o m o l y t i c p r o c e s s e s , and 4 through 7 r e p r e s e n t 
h e t e r o l y t i c p r o c e s s e s . 
A r - N 2 W + s B A r N 2 B ^ + ) ( E q . 2 ) 
ArN 2 B^ + ^ Ar° + N 2 t 8 B ^ ( E q . 3 ) 
'K. H. S a u n d e r s , "The Aromat ic Diazo-Compounds and T h e i r T e c h n i c a l 
A p p l i c a t i o n s / ' 2nd e d „ , E 0 A r n o l d and C o , , London, 194-9. 
2 W . A . W a t e r s , J= Chem. S o c . , 1 9 4 2 , 2 6 6 . 
3 H . Z , Z o l l i n g e r , "Azo and Diazo C h e m i s t r y , A l i p h a t i c and Aromat ic 
Compounds," I n t e r s c i e n c e P u b l i s h e r s , I n c . , New Y o r k , 1 9 6 1 . 
W^o A . W a t e r s , "Chemistry o f Free R a d i c a l s , " 2nd e d . , Oxford 
U n i v e r s i t y P r e s s , Amen House , London, 1 9 4 6 , p . 1 4 6 . 
5 c . W a l l i n g , "Free R a d i c a l s i n S o l u t i o n , " John W i l e y and S o n s , 
I n c . , New Y o r k , 1 9 5 7 , p p , 5 1 8 - 5 2 2 , 
G^o S o s n o v s k y , "Free R a d i c a l R e a c t i o n s i n P r e p a r a t i v e Organic 
C h e m i s t r y , " The M a c M i l l a n Company, New Y o r k , 1 9 6 4 , p . 1 8 1 . 
3 
(+) • > > A r s (+2<) ( E q . 4 ) 
( E q . 5 ) 
B N / N 2 ( + ) 
( E q . 6 ) 4-
> > A r B + N 2 ( E q . 7 ) 
T h e p r o d u c t g i v e n b y E q , 2 , A r ^ B ^ ' m a y r e p r e s e n t e i t h e r a. 
s i g m a - o r a p i - c o m p l e x . I n a c o m p l e x t h e t e r m i n a l n i t r o g e n a t o m o f 
t h e d i a z o n i u m g r o u p w o u l d b e b o n d e d t o a s i n g l e a t o m o f t h e e l e c t r o n 
d o n o r s p e c i e s , %Bo F o r i n s t a n c e , i f t h e e l e c t r o n d o n o r s p e c i e s i s a p r i ­
m a r y o r s e c o n d a r y a m i n e 9 a s i n g l e b o n d i s e s t a b l i s h e d b e t w e e n t h e a m i n e 
n i t r o g e n a n d t h e t e r m i n a l d i a z o n i t r o g e n ; f r o m t h i s c o m p l e x a s t a b l e 
d i a z o a m i n o c o m p o u n d c a n b e f o r m e d w i t h t h e l o s s o f a p r o t o n . I n r e a c t i o n s 
c a t a l y z e d b y c o p p e r s a l t s a n a s s o c i a t i o n b e t w e e n t h e t e r m i n a l n i t r o g e n 
a n d t h e m e t a l c a t i o n m a y o c c u r t o g i v e a n i n t e r m e d i a t e w h i c h m a y d e c o m ­
p o s e t o r a d i c a l s p e c i e s o r b y a c y c l i c p r o c e s s t o g i v e t h e p r o d u c t d i ­
r e c t l y . I f t h e e l e c t r o n d o n o r 9 s B , i s a n a r o m a t i c c o m p o u n d , t h e n t h e 
p i - e l e c t r o n c l o u d s o f t h e d i a z o n i u m s a l t a n d t h e e l e c t r o n d o n o r m a y i n t e r ­
a c t t o f o r m a m o l e c u l a r c o m p l e x w i t h t h e t w o a r o m a t i c n u c l e i i n p a r a l l e l 
p l a n e s . E x p e r i m e n t a l e v i d e n c e f o r t h e s e p o s s i b i l i t i e s w i l l b e r e v i e w e d 
l a t e r . 
T h e h o m o l y t i c p a t h w a y a c c o r d i n g t o E q . 2 a n d E q . 3 i s g e n e r a l l y 
a c c e p t e d f o r r e a c t i o n s o c c u r r i n g u n d e r b a s i c a n d n o n p o l a r c o n d i t i o n s . 
T h e t w o h e t e r o l y t i c p a t h w a y s a c c o r d i n g t o E q . 5 a n d t o E q s . 6 a n d 7 a r e 
g e n e r a l l y c i t e d f o r r e a c t i o n s occur r ing under a c i d i c and p o l a r so lven t 
c o n d i t i o n s . The p o s s i b i l i t i e s g iven by Eq. 1 and Eq. 4- may be d iscarded 
due t o the high energy requirements of forming n i t rogen wi th one and two 
formal p o s i t i v e cha rges . 
The p o s s i b i l i t y t ha t homolytic c l eavage can occur under c e r t a i n 
cond i t ions i n a c i d i c po l a r medium has not been e x t e n s i v e l y considered by 
p rev ious r e sea rch workers . Cox, Gladys , F i e l d and Pearson ' suggested 
tha t both a h e t e r o l y t i c and homolytic p rocess occurred when they r eac ted 
a v a r i e t y of diazonium s a l t s wi th potassium e thy lxan tha t e , The homolytic 
c l eavage of an in termedia te d iazo t h i o e t h e r has been suggested to be 
r e spons ib l e f o r the l a r g e r a t e enhancement which i s observed wi th the 
decomposit ion of N P N-dicyclohexylbenzamide-o-diazonium t e t r a f l u o r o b o r a t e . ^ 
The p o s s i b i l i t y t ha t an a r y l r a d i c a l i s produced from an i n i t i a l r educ t ion 
/ g o 
by iod ide has been sugges ted by s e v e r a l workers .^* ? 7 
Our experiments were des igned , t h e r e f o r e , t o attempt t o def ine the 
scope and importance of such r e a c t i o n pathways i n diazonium replacements 
i n a c i d i c s o l u t i o n . In the hope of t rapping f r ee r a d i c a l in te rmedia tes 
produced by homolytic c l e a v a g e , the diazonium s a l t s were decomposed i n the 
presence of e a s i l y ox id i zed f r ee r a d i c a l p recursors such as N , N , N ' , N ' -
tetramethyl-p_-phenylenediamine (TMPD). P re l iminary s tud i e s of the r e a c ­
t i o n g iven by Eq. 8 showed the r a t e of product ion of the co lo red r a d i c a l - i o n 
formed from the diamine t o be much l a r g e r than the r a t e of e v o l u t i o n of 
7 j . R. Cox, J r . , C. L. Gladys , L. F i e l d and D. E. Pearson, J . Org. 
Chem.. 2£, 1083 ( i960 ) . 
8 J . L ipowi tz and T. Cohen, J. O r g . , Chem., 30, 3891 ( 1 9 6 5 ) . 
9 E . S. Lewis and M. D. Johnson, J. Am. Chem. S o c . , 82, 54-08 ( i960) . 
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n i t r o g e n f rom the d i azon ium s a l t i n the a b s e n c e o f the d i a m i n e . 
ArN 2 
+ 
( E q . 8 ) 
These p r e l i m i n a r y r e s u l t s s u g g e s t e d a o n e - e l e c t r o n t r a n s f e r r e a c ­
t i o n t o be t a k i n g p l a c e . An i n v e s t i g a t i o n o f t h i s r e a c t i o n was deemed t o 
be impor tan t f o r two p r imary r e a s o n s . F i r s t , t he i n v e s t i g a t i o n would 
h o p e f u l l y h e l p t o c l a r i f y the na ture o f t he h o m o l y t i c c l e a v a g e o f the 
c a r b o n - n i t r o g e n bond . S e c o n d l y ? e l e c t r o n t r a n s f e r r e a c t i o n s i n o r g a n i c 
c h e m i s t r y a re r a r e and a s t udy o f a c l e a r example may be e x p e c t e d t o be 
r e w a r d i n g . 
At t h i s p o i n t , a r e v i e w o f the l i t e r a t u r e c o v e r i n g v a r i o u s a s p e c t s 
o f t h i s r e a c t i o n would be h e l p f u l . 
6 
CHAPTER I I 
LITERATURE EVIDENCE FOR ONE-ELECTRON TRANSFER AND 
FREE RADICAL REACTIONS OF DIAZONIUM SALTS 
R e a c t i o n s w i t h Amines 
The r e a c t i o n between TMPD and the 4 - d i m e t h y l a m i n o b e n z e n e d i a z o n i u m 
c a t i o n has been r e c e n t l y r e p o r t e d t o g i v e the W u r s t e r ' s Blue C a t i o n , the 
10 11 
o x i d i z e d c a t i o n o f TMPD, i n o x y g e n - f r e e b a s i c s o l u t i o n . > Th i s r e a c ­
t i o n c o u l d p r o c e e d by pathways d e s c r i b e d by Eq. 2 and Eq. 3 . Whether i n 
such a r e a c t i o n A r ^ B ^ ) e x i s t s as a d i s t i n c t s p e c i e s w i t h a n i t r o g e n -
n i t r o g e n sigma bond , as an i n t e r m e d i a t e cha rge t r a n s f e r c o m p l e x , o r 
m e r e l y as a t r a n s i t i o n s t a t e , y i e l d i n g t he f r e e r a d i c a l s o f the d iazon ium 
s a l t and TMPD^+) ( W u r s t e r ' s Blue C a t i o n ) } would depend on the s u b s t i t u e n t 
g roups o f t he d i azon ium s a l t and the r e a c t i o n c o n d i t i o n s . 
The r e a c t i o n be tween d i azon ium s a l t s and p r imary o r s e c o n d a r y 
amines g i v i n g the d iazoamino compounds i s w e l l documented.-^ The s t a b l e 
p r o d u c t s a re formed w i t h l o s s o f a p r o t o n o r o f s u l f u r t r i o x i d e i f a s u l -
12 
f amic a c i d i s u s e d . The t au tomer i sm o f d i azoamino compounds p r e p a r e d 
f rom v a r i o u s a r y l p r imary amines has been i n v e s t i g a t e d . ^ I n a c i d i c 
1 0 P . Jo Zands t ra and E. M. E v l e t h , J . Am. Chem. S o c . , 8 6 , 2 6 6 4 ( 1 9 6 4 ) . 
^ H o w e v e r , we have found TMPD t o be u n s t a b l e i n b a s i c s o l u t i o n s ; 
and , t h e r e f o r e , t he a c c u r a c y o f t h e s e r e s u l t s i s q u e s t i o n a b l e . 
1 2 D . Z . Z a v e l ' s k i and L. A. L i s h n e v s k a y a , J. o f Gen. Chem., U . S . S . R . , 
2 8 , 2 6 0 2 ( 1 9 5 8 ) . 
1 3 T . . Mitsuhashi and 0 . Simdura, Chemis t ry and I n d u s t r y (London). 1 9 6 4 , 5 7 8 . 
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s o l u t i o n s , t h e s e d iazoamino compounds r e a r r a n g e by an i n t e r m o l e c u l a r 
p r o c e s s t o t h e t he rmodynamica l l y more s t a b l e aminoazo i s o m e r s . 
The r e a c t i o n between d iazon ium s a l t s and t e r t i a r y amines o t h e r 
than TMPD has no t been e x t e n s i v e l y i n v e s t i g a t e d e x c e p t f o r c o u p l i n g r e ­
a c t i o n s t o g i v e the aminoazo compounds. However , TMPD has been u s e d as 
an e l e c t r o n donor t o fo rm charge t r a n s f e r complexes w i t h o t h e r e l e c t r o n 
a c c e p t o r s . These complexes can decompose t o g i v e r a d i c a l s p e c i e s , d e ­
pend ing on t he r e a c t i o n c o n d i t i o n s and t he e l e c t r o n a c c e p t o r . ^ The 
e l e c t r o n s p i n r e s o n a n c e s p e c t r a ^ and the o p t i c a l a b s o r p t i o n s p e c t r a ^ 
o f t he complexes w i t h TMPD as the donor and c h l o r a n i l as t he a c c e p t o r 
i n d i c a t e t ha t f r e e r a d i c a l i o n s a re p r o d u c e d i n the p o l a r s o l v e n t , 
a c e t o n i t r i l e , but no t i n the n o n - p o l a r s o l v e n t s , d ioxane and b e n z e n e . 
Expe r imen ta l e v i d e n c e f o r the f o r m a t i o n o f t he cha rge t r a n s f e r complex 
as combin ing TMPD as e l e c t r o n donor w i t h t e n d i f f e r e n t d i n i t r o n a p h t h a -
l e n e s ^ and numerous o t h e r compounds as e l e c t r o n a c c e p t o r s ^ has r e ­
c e n t l y been p r e s e n t e d . 
For the pu rpose o f d i s c u s s i o n o f t he r e s u l t s o b t a i n e d w i t h t h e 
r e a c t i o n between the v a r i o u s d i azon ium s a l t s and TMPD, s t u d i e s o f complex 
f o r m a t i o n w i t h e l e c t r o n a c c e p t o r s hav ing a n i t r o group i n p l a c e o f the 
H L . J . Andrews and PL M0 K e e f e r , " M o l e c u l a r Complexes i n Organ ic 
C h e m i s t r y , " Holden-Day, I n c . , San F r a n c i s c o , 196-4, p p . 15-31, 44-77. 
I s e n b e r g and S. L . B a i r d , J r . 3 J . Am. Chem. S o c . , 84, 3803 (1962). 
I D J . W. Eastman, G. Engolsma and M. C a l v i n , J . Am. Chem. S o c . , 8 ,^ 
8 4 , 1339 (1962), 
1 7 P . Ho Emsl ie and R. F o s t e r , T e t r a h e d r o n , 1964, 1489. 
F o s t e r and T. J . Thomson, Faraday S o c i e t y T r a n s a c t i o n s ( L o n d o n ) , 
52, 2287 (1963). 
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diazonium group would be the most r e l e v a n t . The accep tor 1 ,4 -d in i t r oben -
zene, t o be compared wi th p-ni trobenzenediazonium t e t r a f l u o r o b o r a t e , shows 
f r ee r a d i c a l formation i n methanol but cha rge - t r ans f e r complexes i n a c e t o -
n i t r i l e . ^ Unfor tuna te ly , data do not e x i s t t o a l low comparisons t o be 
made fo r the other diazonium s a l t s used i n the k i n e t i c s tudy. 
React ions wi th Reducing Reagents 
The reduc t ion of diazonium s a l t s can occur by a number of r e a c ­
t i o n pathways. These pathways cannot be c l e a r l y def ined a t t h i s time be­
cause the exper imental evidence i s v e r y confus ing , but both r a d i c a l and 
i o n i c pathways are b e l i e v e d to be important . The r a d i c a l pathways are 
u s u a l l y sa id t o be i n i t i a t e d by a one -e l ec t ron reduc t ion t o g i v e the 
phenyl r a d i c a l , a l though the pathways may be complicated by a caged, 
r a d i c a l p a i r or a c y c l i c mechanism. There are s e v e r a l r e a c t i o n pathways 
which could bes t exp l a in the i on i c r e a c t i o n s . These p o s s i b i l i t i e s inc lude 
a c y c l i c mechanism, a caged ion p a i r mechanism and a hydride s h i f t mechan­
ism. S e v e r a l examples of each type have been chosen fo r a d e t a i l e d d i s ­
cuss ion to i l l u s t r a t e the p o s s i b l e r e a c t i o n pathways. 
Examples of r a d i c a l r e a c t i o n s which are b e l i e v e d t o be i n i t i a t e d 
by an e l e c t r o n t r a n s f e r r e a c t i o n inc lude the reduct ions by hypophos-
phorous acid,20?21 ^
 e t h a n o l i n the presence of zinc,22»23 and by 
19R , Fos ter and T 0 J 0 Thomson, Faraday S o c i e t y Transac t ions 
(London), 1059 (1963) . 
Kornblum, "Organic R e a c t i o n s , " v o l . I I , John Wiley and Sons, 
New York, 1944, p . 262. 
21N. Kornblum, G. D. Cooper and J. E. T a y l o r , J . Am. Chem. S o c . , 
7 2 , 3013 (1950) . 
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methanol i n the p r e s e n c e o f a c e t a t e b u f f e r but i n the a b s e n c e o f o x y g e n , 2 4 > 2 5 
and by t h e i o d i d e a n i o n , 9 a l t h o u g h t h e s e r e a c t i o n s c o u l d i n v o l v e t he fo rma-
t i o n o f benzened iazon ium t r i - i o d i d e s . f 
The c h a r a c t e r i s t i c s o f the r e a c t i o n between hypophosphorous a c i d 
2 1 
and t h e d i azon ium s a l t s a re i l l u s t r a t e d b y Kornblum's e x p e r i m e n t a l r e s u l t s . 
A l though an e f f o r t was made t o e x c l u d e oxygen and t o i n s u r e i d e n t i t y o f 
the r e a c t i o n c o n d i t i o n s , i n no i n s t a n c e c o u l d r e p r o d u c i b l e r e s u l t s be o b ­
t a i n e d . He found tha t t r a c e amounts o f c e r t a i n o x i d i z i n g a g e n t s , such as 
c o p p e r s u l f a t e , p o t a s s i u m d ich romate and permanganate , showed a v e r y d i f ­
f e r e n t b e h a v i o r w i t h t h i s d i azon ium s a l t . The r e a c t i o n was s t r o n g l y 
c a t a l y z e d f o r a few minutes and then c o m p l e t e l y i n h i b i t e d f o r a c o n s i d e r a b l e 
t i m e . The i n h i b i t i o n o f the r e a c t i o n was e x p l a i n e d by t he f o r m a t i o n o f a 
qu inone o r a semiquinone f rom t h e d i azon ium s a l t o r i t s r e a c t i o n p r o d u c t 
by t h e o x i d i z i n g a g e n t . The a d d i t i o n o f t h e s e compounds t o t he r e a c t i o n 
mix tu re was found t o i n h i b i t t he r e d u c t i o n r e a c t i o n . 
Whi le t h e e x p e r i m e n t a l r e s u l t s d i d no t p e r m i t a c l e a r d e f i n i t i o n 
f o r the complex c h a i n o f e v e n t s i n v o l v e d i n t h i s r e a c t i o n , Kornblum d i d 
f e e l t h a t t h e e x p e r i m e n t a l r e s u l t s were c o n s i s t e n t w i t h a f r e e r a d i c a l 
2 2 A „ Roe and J . R. Graham, J . Am. Chem. S o c . , 7^, 6297 (1952) . 
2 3 P . S. Johnson and W. A. Wa te r s , J . Chem. S o c . , 1962, 4.652. 
24-DeLos F. DeTar and M, N. T u r e t z k y , J . Am. Chem. S o c . , 78, 3925 
(1955) . 
25DeLos F. DeTar and T. Kosuge , J . Am. Chem. S o c . , 80, 6072 (1958) . 
2
^ J 0 G. Carey and I . T. M i l l a r , Chemis t ry and I n d u s t r y ( L o n d o n ) , 
1960, 97. 
2 ? J . G. Carey , G, Jones and I . T 0 M i l l a r , Chemis t ry and I n d u s t r y 
( L o n d o n ) , 1959, 1018. 
1 0 
p a t h w a y . T h e r a d i c a l - c h a i n i n i t i a t i o n s t e p w a s s a i d t o b e a n e l e c t r o n 
t r a n s f e r r e a c t i o n f o l l o w e d b y f o r m a t i o n o f t h e r a d i c a l s p e c i e s a c c o r d i n g 
t o E q s . 2 a n d 3 . T h i s w a s s a i d t o b e f o l l o w e d b y a c h a i n p r o p a g a t i o n 
s t e p w h e r e t h e a r o m a t i c r a d i c a l r e a c t s w i t h a. s e c o n d m o l e o f t h e h y p o -
p h o r o u s a c i d t o g i v e t h e o b s e r v e d r e d u c t i o n p r o d u c t o f t h e d i a z o n i u m s a l t 
a n d a s t a b l e r a d i c a l f r o m t h e h y p o p h o s p h o r o u s a c i d . T h e p r o p o s e d r e a c t i o n 
p a t h w a y i s i l l u s t r a t e d b y E q s . 9 - 1 2 . 
A r - N 2 ( + ) + H 3 P 0 2 v V A r N 2 P 0 2 H 2 + ( E q . 9 ) 
A r N 2 P 0 2 H 2 - — A r * + N 2 + ( H 2 P 0 2 ) - ( E q . 1 0 ) 
A r - + H 3 P 0 2 . A r H + ( H 2 P 0 2 ^ * ( E ( l - 1 1 ) 
A r N 2 + ( H 2 P 0 2 ) ' A r - + N 2 + ( H 2 P 0 2 ) ( + ) ( E q . 1 2 ) 
T h e e x p e r i m e n t a l e v i d e n c e t h a t s u p p o r t s t h i s r e a c t i o n p a t h w a y i n ­
c l u d e s t h e o r d e r o f r e a c t i v i t y f o r t h e u n c a t a l y z e d r e d u c t i o n o f t h e 
d i a z o n i u m ss I t s ( 4 - 0 2 N - ^ > ^ > 4 - C H 3 O - ) , t h e e f f e c t o f t h e o x i d i z i n g 
r e a g e n t s , a n d t h e f a c t t h a t ' t r a c e a m o u n t s o f t h e m o r e r e a c t i v e d i a z o n i u m 
s a l t s c a t a l y t i c a l l y s p e e d r e a c t i o n o f l e s s r e a c t i v e s a l t s . T h e o r d e r o f 
r e a c t i v i t y o f t h e d i a z o n i u m s a l t s i s t h e s a m e o r d e r f o r t h e e a s e o f f o r ­
m a t i o n o f t h e c o v a l e n t s t r u c t u r e a c c o r d i n g t o E q . 9 . T r a c e a m o u n t s o f t h e 
m o r e r e a c t i v e d i a z o n i u m s a l t s c o u l d s e r v e t o i n i t i a t e t h e c h a i n p r o c e s s 
f o r t h e l e s s r e a c t i v e d i a z o n i u m s a l t s . T h e o x i d i z i n g r e a g e n t c o u l d 
b r i n g a b o u t a n i n i t i a l o n e - e l e c t r o n o x i d a t i o n o f t h e h y p o p h o s p h o r o u s a c i d 
t o y i e l d a m o r e r e a c t i v e f r e e r a d i c a l s p e c i e s . T h e f a c t t h a t t h e r e a c t i o n 
p r o c e e d s a t t h e u s u a l r a t e i n d a r k n e s s d i s c r e d i t s a p h o t o - i n d u c e d p r o c e s s . 
B e c a u s e o f t h e s t r o n g e l e c t r o n w i t h d r a w i n g a b i l i t y o f t h e d i a z o n i u m 
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g r o u p , t he 4 - p h e n y l e n e t e t r a z o n i u m i o n would be e x p e c t e d t o be an e x ­
c e l l e n t e l e c t r o n a c c e p t o r . At h i g h i o d i d e c o n c e n t r a t i o n s , 4 - d i i o d o b e n -
zene i s p r o d u c e d ; a t i n t e r m e d i a t e i o d i d e c o n c e n t r a t i o n s , p_- iodobenzene-
d i azon ium i o n i s the c h i e f p r o d u c t , and a t s t i l l l o w e r c o n c e n t r a t i o n s , 
4 - h y d r o x y b e n z e n e d i a z o n i u m i o n p r e d o m i n a t e s . The oxygen o f t he j)-hydroxy« 
benzened iazon ium i o n i s b e l i e v e d t o have been d e r i v e d f rom m o l e c u l a r 
oxygen which was d i s s o l v e d i n t he s o l u t i o n . The i n i t i a t i o n s t e p which 
was p r o p o s e d b y L e w i s 9 i n v o l v e s t h e f o r m a t i o n o f a b e n z e n e d i a z o i o d i d e 
i n t e r m e d i a t e which decomposes i n t o a p h e n y l r a d i c a l , n i t r o g e n , and t he 
i o d i d e r a d i c a l . T h i s same o n e - e l e c t r o n t r a n s f e r r e a c t i o n hss been 
p r o p o s e d b y us as t he f i r s t s t e p i n our r e a c t i o n s between TMPD and t he 
d i azon ium s a l t s , Eq . 8 , Eq . 2 3 and Eq . 2 4 , as w e l l as by K o r n b l u m , 2 1 
as t he f i r s t s t e p i n t he r e a c t i o n s between hypophosphorous a c i d and 
t he d i azon ium s a l t s , Eq . 9 and E q . 1 0 . The f a t e o f t he p h e n y l r a d i c a l 
depends on t he r e l a t i v e c o n c e n t r a t i o n o f t he oxygen which i s d i s s o l v e d 
i n the s o l u t i o n and upon the o r i g i n a l c o n c e n t r a t i o n o f t he i o d i d e i o n . 
At h i g h i o d i d e c o n c e n t r a t i o n s t h e p h e n y l r a d i c a l i s s a i d t o r e a c t w i t h 
an i o d i n e r a d i c a l o r w i t h i o d i n e which i s formed i n s o l u t i o n f rom two 
i o d i n e r a d i c a l s . At l o w e r i o d i d e c o n c e n t r a t i o n s t h e p h e n y l r a d i c a l i s 
formed but i s no t c a p t u r e d i n t he above manner. I n s t e a d , i t i s s a i d t o 
r e a c t w i t h m o l e c u l a r oxygen t o f o r m an a r o m a t i c p e r o x i d e r a d i c a l which 
we have a l s o p o s t u l a t e d f o r our TMPD s t u d i e s , E q . 3 1 . T h i s i n t e r m e d i a t e 
i s s a i d t o d i m e r i z e t o g i v e a dimer which can d i s p r o p o r t i o n a t e i n t o t h e 
phenoxy r a d i c a l and o x y g e n . The phenoxy r a d i c a l can r e a c t w i t h a p r o t o n 
and en i o d i d e i o n t o g i v e t h e o b s e r v e d p h e n o l and an i o d i n e r a d i c a l . At 
i n t e r m e d i a t e i o d i d e c o n c e n t r a t i o n t h e r e a c t i o n sequence i s f u r t h e r com-
1 2 
p l i c a t e d by a b i m o l e c u l a r , n u c l e o p h i l i c a t t a c k by the i o d i d e i o n on the 
4 - p h e n y l e n e t e t r a z o n i u m i o n t o g i v e the o b s e r v e d 4 - i o d o b e n z e n e d i a z o n i u m 
i o n . 
R e d u c t i o n r e a c t i o n s under o t h e r e x p e r i m e n t a l c o n d i t i o n s do no t 
a lways l e a d t o the f o r m a t i o n o f f r e e r a d i c a l s i n s o l u t i o n . For example , 
a number o f complexes have been p r o p o s e d f o r the r e a c t i o n between d i a ­
zonium s a l t s and the i o n s o f the t r a n s i t i o n e l e m e n t s . A number o f such 
complexes d e r i v e d f rom the d i azon ium c h l o r i d e o f p_-aminodimethylan i l ine 
show cha rge t r a n s f e r i n t e r a c t i o n p r o p e r t i e s i n t he s o l i d s t a t e , ° but 
no t i n s o l u t i o n . H o w e v e r , r e d u c t i o n o f d i azon ium s a l t s w i t h o t h e r 
t r a n s i t i o n e lements c l e a r l y i n d i c a t e s t ha t an e l e c t r o n t r a n s f e r has t aken 
2 0 
p l a c e i n s o l u t i o n . For example , t he s tannous c a t i o n and the chromous 
c a t i o n ^ O w i l l r educe the d iazon ium s a l t s t o t h e c o r r e s p o n d i n g h y d r a z i n e s . 
Less p o w e r f u l r e a g e n t s , such as t he cuprous s a l t and t he i o d i d e 
i o n , p o s s e s s f a v o r a b l e o x i d a t i o n p o t e n t i a l s . These r e a g e n t s can a c t -to 
fo rm a r a d i c a l s p e c i e s by a o n e - e l e c t r o n t r a n s f e r r e a c t i o n . The r e a c t i o n s 
i n which t h e d iazon ium group i s r e p l a c e d by a h a l i d e o r o t h e r a n i o n i n 
a c i d i c s o l u t i o n u s u a l l y r e q u i r e a s p e c i f i c c o p p e r c a t a l y s i s . The 
Sandmeyer r e a c t i o n - ^ » ^ r e q u i r e s a cuprous s a l t , w h i l e the Gattermann 
r e a c t i o n r e q u i r e s m e t a l l i c c o p p e r . The Meerwein a r y l a t i o n o f a c t i v a t e d 
2 S E . A . Boudreaux, H. B. Jonassen and L. J . T h e r i o t , J . Am. Chem. 
S o c . 8 5 , 2 0 3 9 ( 1 9 6 3 ) . 
2 Q Y E . A . Boudreaux, H. B. Jonassen and L. J . T h e r i o t , J . Am. Chem. 
S o c . , 8 £ , 2 8 9 6 ( 1 9 6 3 ) . 
3 0 R . S . B o t t e l and N. H. Furman, A n a l y t i c a l Chemis t ry , 2 9 , 1 1 9 ( 1 9 5 7 ) . 
3 1 D . C. Nonhebel and W. A. Wa te r s , "Advances i n C a t a l y s i s , " v o l . I X , 
p . 3 5 1 ( 1 9 5 7 ) 
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o l e f i n i c compounds i s c a t a l y z e d by t h e c u p r i c i o n . However, t h e c a t a l y z i n g 
e f f e c t o f t h e c u p r i c c a t i o n p r o b a b l y a r i s e s from i t s r e a c t i n g f i r s t w i t h 
t h e a c e t o n e s o l v e n t t o y i e l d t h e cuprous c a t i o n which then c a t a l y z e s t h e 
r e a c t i o n . R e a c t i o n s c a r r i e d out under Meerwein r e a c t i o n c o n d i t i o n s 
i n c l u d e t h e d e c o m p o s i t i o n of v a r i o u s d iazon ium s a l t s i n t h e p r e s e n c e o f 
c h l o r o b e n z e n e o r n i t r o b e n z e n e , ^ a n t h r a c e n e , d e r i v a t i v e s o f m a l e i c and 
fumar ic a c i d s - ^ and b i p h e n y l e n e . T h e p r o d u c t s o b t a i n e d from t h e s e 
r e a c t i o n s a l l show t h e c h a r a c t e r i s t i c p r o p e r t i e s o f h o m o l y t i c s u b s t i t u t i o n 
and t h u s s u g g e s t a f r e e r a d i c a l pathway. The c l o s e l y r e l a t e d Pshorr r i n g 
c l o s u r e r e a c t i o n a l s o p r o c e e d s by a r a d i c a l pathway when a copper c a t a l y s t 
a 38,39 i s u s e d . 
The c l o s e l y r e l a t e d r e a c t i o n s which g i v e b i a r y l s by t h e decom­
p o s i t i o n of N - n i t r o s o a c e t a n i l i d e , or o f d iazonium s a l t s i n t h e p r e s e n c e 
o f sodium a c e t a t e and a c e t i c anhydr ide o r sodium h y d r o x i d e , t h e Gomberg-
Bachmann r e a c t i o n , a l l p r o c e e d c h i e f l y by a f r e e r a d i c a l pathway.37,4-0-4-3 
3 2W. A . Cowdrey and D. S . D a v i e s , J . Chem. S o c . . p . S 48 (1949). 
33c. S . R o n d e s t v e d t , "Organic R e a c t i o n s , " v o l . X I , John W i l e y and 
S o n s , New Y o r k , 1960, p . 189. 
34s. C. Dickerman and K. W e i s s , J . O r g . Chem., 22, 1 0 7 0 (1957). 
35 S. C. Dickerman, A . M. F e l i x and L . B. L e v y , J . O r g . Chem., 29. 
26 (1964). 
36o. V o g l and C. S . R o n d e r t r e d t , J r . , J . Am. Chem. S o c . , 7 8 , 
3799 (1956). 
37s. C . Dickerman, N. M i l s t e i n and J . F . W. McOmie, J . Am. Chem. 
S o c . 8 7 , 5521 (1965). 
38]3 e L 0 S F . DeTar , "Organic R e a c t i o n s , " v o l . I X , John W i l e y and 
S o n s , New Y o r k , 1958, p . 409. 
39R. A . Abramovi tch and G. T e r t z a k i a n , T e t r a h e d r o n L e t t e r s , 1963, 
1 5 1 1 . 
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T h e r e a r e s e v e r a l a d d i t i o n a l m i s c e l l a n e o u s r e a c t i o n s w h i c h p o s s i b l y 
p r o c e e d b y a r a d i c a l p a t h w a y . F o r e x a m p l e , d i a z o n i u m s a l t s r e a c t w i t h a 
L p -| 
n u m b e r o f p h o s p h o r u s 1 c o m p o u n d s , i n c l u d i n g h y p o p h o s p h o r o u s a c i d , e t h y l -
d i c h l o r o p h o s p h i n e ^ 1 ' a n d p h o s p h o r u s t r i c h l o r i d e . ^ D i a z o n i u m s a l t s a l s o 
r e a c t w i t h p y r i d i n e , ^ D a l i p h a t i c h y d r o x y l a m i n e s e t h e r s , a c e t o n e , 2 > 4 - 9 
e t h y l a c e t a t e , ^ > 5 0
 n i t r i l e s 2 ' ^ a n d d i m e t h y l f o r a m i d e . 
E x a m p l e s o f t h e i o n i c r e a c t i o n s i n c l u d e t h e r e d u c t i o n o f t h e 
2 5 
d i a z o n i u m s a l t s w i t h v a r i o u s a l c o h o l s u n d e r a c i d i c c o n d i t i o n s , t h e r e e c -
o 5 2 
t i o n b e t w e e n d i a z o n i u m s a l t s a n d s a l t s o f B-|QH-JQ a n d t h e t h e r m a l l y 
i n d u c e d d e c o m p o s i t i o n o f t h e d i a z o n i u m s a l t s w h i c h a r e d e r i v e d f r o m 
8 5 3 54. 
o - a m i n o - N , N - d i a l k y l b e n z a m i d e s . l a t t e r r e a c t i o n h a s b e e n e x t e n ­
s i v e l y i n v e s t i g a t e d a n d w i l l b e d i s c u s s e d i n d e t a i l . 
T h e e x p e r i m e n t a l e v i d e n c e s i n c l u d e p r o d u c t s t u d i e s , k i n e t i c 
s t u d i e s , s t u d i e s o f t h e i n f l u e n c e o f t h e s o l v e n t a n d t h e p r e s e n c e o f 
o t h e r c o m p o u n d s , a n d a n i n d e p e n d e n t s y n t h e s i s o f t h e p r o p o s e d i n t e r m e ­
d i a t e . W h e n N , N - d i b e n z y l b e n z a m i d e - o - d i a z o n i u m t e t r a f l u o r o b o r a t e i s 
t h e r m a l l y d e c o m p o s e d i n a n a q u e o u s s o l u t i o n , t h e n t h e p r o d u c t s a r e , a m o n g 
4 0 w . E . B a c h m a n n a n d R . A . H o f f m a n , " O r g a n i c R e a c t i o n s , " v o l . I I , 
J o h n W i l e y a n d S o n s , N e w Y o r k , 1 9 4 4 , 2 2 4 . . 
4 1 p . M i l e s a n d H . S u s c h i t z k y , T e t r a h e d r o n . 1 8 , 1 3 6 9 ( 1 9 6 2 ) . 
^
2 C . R u c h a r d t a n d E k k e h a r d M e r z , T e t r a h e d r o n L e t t e r s . 1 9 6 4 , 2 4 3 1 . 
R u c h a r d t a n d B . F r e u d e n b e r g , T e t r a h e d r o n L e t t e r s , 1 9 6 4 , 3 6 2 3 . 
4 4 p . M a s t a l e r z , R o c z n i k i C h e m i , ^ 6 , 1 0 9 3 ( 1 9 6 2 ) . 
45L. D . Q u i n a n d J . S . H u m p h r e y , J r . , J . A m . C h e m . S o c . , 8 ^ , 4 1 2 4 
( 1 9 6 1 ) . 
^R. A . A b r a m o v i t c h a n d J . G . S a h a , J . C h e m . S o c . , 1 9 6 4 , 2 1 7 5 . 
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o t h e r s , benzaldehyde and N-benzylbenzamide. Cohen sn^ L ipowi tz have 
suggested tha t these products arose from the s o l v o l y t i c c l eavage of a 
s t a b l e , in termedia te c a t i o n . The pos tu l a t ed pathway to form t h i s i n t e r ­
mediate invo lved the l o s s of n i t rogen t o form the phenyl •carbonium ion 
fo l lowed by an in t ramolecu la r hydride ion t r a n s f e r from the benzyl 
func t ion . This in termedia te c a t i o n was prepared by an independent 
pathway by r e a c t i n g benzyl idinebenzylamine wi th benzoyl ch lo r ide f o l ­
lowed by the add i t i on of antimony pen t ach lo r ide . I f t h i s p repara t ion 
and the decomposition of the diazonium s a l t are performed in ^ry e thylene 
c h l o r i d e , then the in f ra red and nuclear magnetic resonance spectra of 
the r e s u l t i n g products agree wi th each other and wi th the propose^ 
s t r uc tu r e of the in t e rmed ia te . I f water i s adde^ to these two e thylene 
c h l o r i d e s o l u t i o n s , then the same four h y d r o l y s i s products are observe^ . 
The k i n e t i c s t ud i e s performed in a c e t i c a c i d and methanol s o l u t i o n s , 
both 1.0K in s u l f u r i c a c i d , gave f i r s t - o r d e r k i n e t i c s over more than 
th ree h a l f - l i v e s , and, except f o r a moderate so lven t e f f e c t , the r a t e s 
were s u b s t a n t i a l l y the same. The r a t e s were i n s e n s i t i v e t o p-benzoquinone, 
hydroquinone, c h l o r a n i l , n i t r i c ox ide , and oxygen when the methanol so lven t 
^
7 M . A. T. Rogers , J . Chem. S o c . , 1 9 5 6 , 278^. 
4 % . Meerwein, H. A l l e n d o r f e r , P. Beekmann, F. R. Kunert , H. Mor-
s c h e l l , F. Pawel lek and K. L. Wunderlich, Angewandte Chemie, 70, 3 2 2 ( 1 9 5 8 ) . 
4 9 A . K. Ingberman, D i s . A b s . , 2 0 , 80 ( 1 9 5 9 ) . 
5
°W. E. Hanby and W. A. Waters, J. Chem. S o c . , 1939, 1792. 
5 1 S . S. Y a r o s l a v s k y , Tetrahedron L e t t e r s , 1 9 6 5 , 1 5 0 3 . 
5 2M. F. Hawthorne and F. P. 01sen , J . Am. Chem. Soc , 8 7 , 2 3 6 6 ( 1 9 6 5 ) . 
53T. Cohen, A. H. Dinwoodie and L. D. McKeever, J. Org. Chem,, 27, 
3 3 8 5 ( 1 9 6 2 ) . 
54T. Cohen and J. L i p o w i t z , J. Am. Chem. S o c . , 8 6 , 2 5 U - 5 ( 1 9 6 / 0 . 
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was u s e d . However, i f t h i o p h e n o l o r i o d i n e are added t o the methanol 
r e a c t i o n m i x t u r e , a p r o f o u n d r a t e o f enhancement i s o b s e r v e d , a p p r o x i ­
m a t e l y a 2 0 p e r c e n t i n c r e a s e f o r the t h i o p h e n o l . These workers s u g ­
g e s t e d t h a t t h i s r a t e enhancement may be due t o r a d i c a l r e a c t i o n s . 
These r a d i c a l r e a c t i o n s were s a i d t o be i n i t i a t e d by a h o m o l y t i c 
c l e a v a g e o f an i n t e r m e d i a t e d i a z o t h i o e t h e r and a r e d u c t i o n o f the 
d iazon ium i o n by t he i o d i d e i o n , r e s p e c t i v e l y ; and , t h e r e f o r e , t h e s e 
r e a c t i o n s would be e x p e c t e d t o p r o c e e d a c c o r d i n g t o a pathway s i m i l a r 
t o the ones which have been s u g g e s t e d f o r the hypophosphorous a c i d r e a c ­
t i o n and the r e a c t i o i between the i o d i d e i o n and the 4 - p h e n y l e n e t e t r a -
zonium i o n . However , p r o d u c t and k i n e t i c s t u d i e s were n o t pe r fo rmed f o r 
t h e s e r e a c t i o n s , and , t h e r e f o r e , t he r e a c t i o n pathway cannot be d e f i n e d . 
P h o t o d e c o m p o s i t i o n s 
The p h o t o d e c o m p o s i t i o n o f d i azon ium s a l t s i s a p p a r e n t l y c o m p l i ­
c a t e d by s e c o n d a r y r e a c t i o n s . The p h o t o l y s i s o f aqueous s o l u t i o n s a t 
p_H g r e a t e r than f i v e o f 4 -d imethy laminobenzened ia .zon ium c h l o r i d e g i v e s 
an e l e c t r o n s p i n r e s o n a n c e spec t rum which has been i d e n t i f i e d as the 
1 0 
p-d ime thy l aminophenoxy r a d i c a l . E v i d e n c e s u g g e s t i n g t ha t t h i s r a d i c a l 
i s a s e c o n d a r y p r o d u c t p r o d u c e d f rom Ihe r e a c t i o n o f the d i azon ium s a l t 
and the p h o t o l y s i s p r o d u c t and n o t as a r e s u l t o f t he p r imary p h o t o ­
c h e m i s t r y o f t he sys tem i n c l u d e s the f o l l o w i n g e x p e r i m e n t a l f a c t s . I r ­
r a d i a t i o n o f p - d i m e t h y l a m i n o p h e n o l i n o x y g e n - f r e e , b a s i c s o l u t i o n d i d 
no t p r o d u c e a s p e c i e s which g i v e s an e l e c t r o n s p i n r e s o n a n c e spec t rum; 
however , when t he above a iazon ium s a l t was added t o t he s o l u t i o n i n the 
da rk , a spec t rum was n o t e d ^nd f i n a l l y t he W u r s t e r ' s Blue C a t i o n f rom 
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TMPD as w e l l as the phenoxy r a d i c a l of 2 , 6 - d i - t - b u t y l - 4 - m e t h y l phenol 
could be produced by the dark r e a c t i o n of the diazonium s a l t wi th the 
appropr ia te e l e c t r o n donor i n oxygen- f r ee , bas ic s o l u t i o n . 
The photodecomposition of p_- and m-nitrobenzenediazonium s a l t s 
i n aqueous and a l c o h o l i c s o l u t i o n s i n the presence of f r ee r a d i c a l 
t r app ing reagents has l ed t o support f o r the w ide ly held b e l i e f tha t 
the diazonium s a l t s decompose by a carbonium ion formation i n a c i d i c 
aqueous s o l u t i o n s , but a f r ee r a d i c a l pathway i s the predominate pa th­
way i n a l c o h o l i c s o l u t i o n s . Experimental evidence which supports these 
conc lus ions includes the nea r ly equal y i e l d of ni t robenzene (76 .6 per 
cent) and aceta ldehyde (74 .1 per cent) and the high y i e l d of the n i -
t roiodobenzenes when the diazonium s a l t s are decomposed in a l coho l s and 
a l c o h o l i c s o l u t i o n s conta in ing iodine r e s p e c t i v e l y . J 
When 3?5-d imethylbenzene-1 ,4-d iazooxide i s heated or i r r a d i a t e d 
wi th u l t r a v i o l e t l i g h t , an in termedia te i s formed which g i v e s t y p i c a l 
products formed by r a d i c a l decomposition of diazonium s a l t s . ^ Yor 
i n s t a n c e , 3 ,5-d imethyl -4-hydroxybiphenyl i s formed when t h i s diazonium 
s a l t i s r eac ted i n the presence of benzene. 
P h y s i c a l Measurements and Hammett Co r r e l a t i ons 
The experimental evidence which has been presented i n the f i r s t 
th ree s e c t i o n s of t h i s chapter has been concerned wi th the r e s u l t s of 
chemical r e a c t i o n s . Experimental r e s u l t s which have been obtained from 
p h y s i c a l measurements and Hnmmett c o r r e l a t i o n s have a l s o cont r ibu ted to 
5 5 W . E. Lee , J. G. Ca lve r t and E. W. M^lmberg, J, Am. Chem. S o c . , 
83, 1928 ( 1 9 6 1 ) . 
56T . Kunitake *nd C. C. P r i c e , J . Am. Chem. S o c , 85, 761 (1963) . 
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the knowledge of the manner i n which the carbon-ni t rogen bond i s c l e a v e d . 
The exper imental methods which have been used inc lude polarographic 
s t u d i e s , e l e c t r o n spin resonance spec t ra s t u d i e s , and Hammett c o r r e l a ­
t i o n s . 
K o c h i ^ 7 i n v e s t i g a t e d the polarographic reduc t ion of diazonium 
i o n s . The reduc t ion p o t e n t i a l was found t o be independent of pH over a 
range of low p_H v a l u e s , a r e s u l t c o n s i s t e n t wi th the diazonium ions' being 
the s p e c i e s undergoing r educ t ion . The reduc t ion products were nonhomo-
geneous t a r s which contained n i t rogen and mercury. The order of ease of 
r educ t ion of ^ - s u b s t i t u t e d diazonium ions was -OCH-3 ^ > - C H 3 ^> - C l ^> 
-H ^ > - N 0 2 . 
Kochi i n t e rp r e t ed these r e s u l t s i n terms of an i n i t i a l one-
e l e c t r o n t r a n s f e r , a f fo rd ing a phenylazo in te rmedia te , which he assumed 
to be s t a b i l i z e d by the subs t i t uen t s i n the order g iven . This order i s , 
however, opposi te to tha t observed i n the reduc t ion wi th hypophosphorous 
a c i d , and probably i s not the order of s t a b i l i t y of the proposed s e r i e s 
of azo r a d i c a l s . 5 8 
E l e c t r o n spin resonance spectra have been observed f o r a number 
of r e a c t i o n s of diazonium s a l t s and azobenzenes and n i t rosobenzenes . 
The ni t rosobenzenes and azobenzenes are i s o e l e c t r o n i c wi th the diazonium 
s a l t s . The r e a c t i o n between phenylhydroxylamine and ni t rosobenzene i n 
b a s i c , deoxygenated, mixed organic s o l v e n t s produces e s s e n t i a l l y a 
q u a n t i t a t i v e y i e l d of the ni t rosobenzene r a d i c a l - a n i o n in l e s s than 0.5 
5 7 j \ K. Kochi , J . Am. Chem. S o c . , 7 7 , 3208 ( 1 9 5 5 ) . 
58 The order of the s t a b i l i t y of t e t r a z e n e s i s d i scussed in 
Chapter V I I . 
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s e c o n d s . S i m i l a r o n e - e l e c t r o n r e d u c t i o n s h a v e b e e n o b s e r v e d f o r a 
n u m b e r o f o t h e r s u b s t i t u t e d n i t r o s o - a n d a z o b e n z e n e s . T h e i n f l u e n c e o f 
t h e r e a c t i o n m e d i u m o n t h e f a t e o f t h e n i t r o s o b e n z e n e r a d i c a l - s n i o n h a s 
b e e n e x t e n s i v e l y i n v e s t i g a t e d . I n e t h a n o l c o n t a i n i n g s o d i u m h y d r o x i d e 
t h i s r a d i c a l - a n i o n i s r a p i d l y p r o d u c e d , t h e n d i m e r i z e s b y s e c o n d - o r d e r 
k i n e t i c s ( 1 . 4 . 0 x 1 0 2 1 . / m o l e - s e c . a t 2 3 - 1 ° C ) t o y i e l d a z o x y b e n z e n e i n 
9 6 p e r c e n t y i e l d a f t e r p r o t o n a t i o n a n d t h e i r r e v e r s i b l e l o s s o f t h e 
h y d r o x i d e i o n f r o m t h e i n t e r m e d i a t e d i m e r . T h a t t h e r e a c t i o n t o p r o d u c e 
t h e a z o z y b e n z e n e i s r e v e r s i b l e h a s b e e n s h o w n t o b e t r u e i n o t h e r s o l ­
v e n t s . I n p u r e d i m e t h y l s u l f o x i d e w h i c h i s 5 0 p e r c e n t s a t u r a t e d w i t h 
p o t a s s i u m h y d r o x i d e , t h e a d d i t i o n o f a z o x y l o : ^ r n o p r o d u c e s t h e e l e c t r o n 
s p i n r e s o n a n c e s p e c t r u m o f t h e r a d i c a l - a n i o n . I f t h i s s o l u t i o n i s e x ­
p o s e d t o o x y g e n , t h e n t h e e l e c t r o n s p i n r e s o n a n c e s p e c t r u m o f t h e n i t r o ­
s o b e n z e n e r a d i c a l - a n i o n i s d e s t r o y e d a n d i s s l o w l y r e p l a c e d b y t h e e l e c ­
t r o n s p i n r e s o n a n c e s p e c t r u m o f t h e n i t r o b e n z e n e r a d i c a l - a n i o n . 
E l e c t r o n s p i n r e s o n a n c e s t u d i e s o f p h e n y l a t i o n r e a c t i o n s b y t h e 
G o m b e r g r e a c t i o n a n d b y t h e u s e o f N - n i t r o s o a c e t a n i l i d e s h a v e l e d t o t h e 
i d e n t i f i c a t i o n o f t h e d i a z o t a t e r a d i c a l a s t h e l o n g - l i v e d i n t e r m e d i a t e 
r a d i c a l . T h e m e t h o d o f i d e n t i f i c a t i o n w a s t h e c o m p a r i s o n o f t h e o b ­
s e r v e d a n d t h e c o m p u t e r - c a l c u l a t e d e l e c t r o n s p i n r e s o n a n c e s p e c t r a . B o t h 
o f t h e s e r e a c t i o n s l e a d t o t h e c o m m o n i n t e r m e d i a t e , a d i a z o a n h y d r i d e , 
w h i c h d e c o m p o s e s t o a p h e n y l r a d i c a l , n i t r o g e n a n d a d i a z o t a t e r a d i c a l . 
5 9 g . A . R u s s e l l a n d E . J . G e e l s , J . A m . C h e m . S o c . , 8 7 , 1 2 2 ( 1 9 6 5 ) . 
6 ° E . J . G e e l s , R . K o n a k a a n d G . A . R u s s e l l , C h e m i c a l C o m m u n i c a t i o n s . 
( L o n d o n ) 1 , 1 3 ( 1 9 6 5 ) . 
6 1 G . B i n s c h a n d C . R u c h a r d t , J . A m . C h e m . S o c . , 8 8 , 1 7 3 ( 1 9 6 6 ) . 
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Under o t h e r r e a c t i o n c o n d i t i o n s , d i f f e r e n t e x p e r i m e n t a l r e s u l t s 
have been o b s e r v e d . The e l e c t r o n s p i n r e s o n a n c e spec t rum o f t he 4 - d i -
methylaminophenoxy r a d i c a l has been i d e n t i f i e d as t he p h o t o l y s i s p r o d u c t 
f rom the r e a c t i o n between the c o r r e s p o n d i n g p h e n o l and d i azon ium s a l t i n 
1 0 
an aqueous s o l u t i o n . 
When benzened iazon ium c h l o r i d e was mixed w i t h pure n i t r o b e n z e n e 
i n the a b s e n c e o f a c a t a l y s t , no e l e c t r o n s p i n r e s o n a n c e spec t rum was 
o b s e r v e d a t room t e m p e r a t u r e . However, when the mix ture was hea t ed a t 
4 2 0 c f o r t e n m i n u t e s , such a spec t rum was o b s e r v e d . P roduc t r a t i o 
s t u d i e s o f t he amounts o f b i p h e n y l and n i t r o b i p h e n y l s formed when b e n ­
zened i a zonium f l u o r o b o r a t e was decomposed i n mix tu re s o f benzene and 
n i t r o b e n z e n e a l s o s u g g e s t a r a d i c a l i n t e r m e d i a t e . However , h o m o l y t i c 
c l e a v a g e a c c o r d i n g t o Eq. 1 can be c a l c u l a t e d t o be e n e r g e t i c a l l y un­
f a v o r a b l e . S e v e r a l worke r s h a v e , t h e r e f o r e , p o i n t e d out t he p o s s i b i l i t y 
t h a t a ground s t a t e t r i p l e t c a t i o n i s formed i n t he p r imary p r o c e s s , 
t h e r e b y a c c o u n t i n g f o r the o b s e r v e d e l e c t r o n s p i n r e s o n a n c e s p e c t r a . ° 2 " ° 4 . 
T a f t 6 4 - 6 6 hag g i v e n a d e t a i l e d d i s c u s s i o n o f t he e x p e r i m e n t a l 
e v i d e n c e which s u p p o r t s the r a d i c a l c a t i o n as an i n t e r m e d i a t e . The d e ­
t a i l s o f h i s arguments w i l l be g i v e n i n the f o l l o w i n g c h a p t e r s ince , the 
6 2 B . I . L i o g o n k i i , L . S. Lyubchenko , A. A. B e r l i n , L . A. B l y u m e n f e l ' d 
and V. P . P a r i n i , V.ysokomolekulyarnye S o e d i n e n i y a , 2 , 1 4 9 4 ( i 9 6 0 ) . 
6 3 r . a . A b r a m o v i t c h , W. A. Hymers, J . B. Rajan and R. W i l s o n , T e t r a ­
hedron L e t t e r s , 1 9 6 3 , 1 5 0 7 . 
6 ^ R . w . T a f t , I . R. Fox and I . G. L e w i s , J . Am. Chem. S o c . , 8 ^ , 
3 3 4 9 ( 1 9 6 1 ) . 
6 5 r . W. T a f t , J . Am. Chem. S o c . , 8 3 , 3 3 5 0 ( 1 9 6 1 ) . 
6 6 r . w . T a f t , S. Ehrenson , I . C. Lewis and R. C. G l i c k , J . Am. Chem. 
S o c . , 6 2 , 1 4 0 0 ( 1 9 4 0 ) . 
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r a d i c a l c a t i o n s a re s a i d t o be impor tan t i n the t h e r m a l , aqueous decom­
p o s i t i o n o f s u b s t i t u t e d benzened iazon ium s a l t s . 
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CHAPTER I I I 
LITERATURE EVIDENCE CONCERNING THE DECOMPOSITION OF 
DIAZONIUM SALTS IN THE ABSENCE OF REDUCING REAGENTS 
Proposed Mechanisms 
Three genera l modes of decomposition of diazonium s a l t s have 
been recognized and d i scussed by Waters. These modes of decomposit ion 
may be c l a s s i f i e d according to the f o l l o w i n g d e s c r i p t i o n s of the r e a c ­
t i o n pathways: h e t e r o l y t i c c l eavage of the carbon-ni t rogen bond t o g i v e 
the in termedia te a r y l c a t i o n , homolytic c leavage of diazocompounds to 
g i v e two n e u t r a l r a d i c a l s ( e i t h e r the phenyl r a d i c a l and n i t rogen or 
the phenylazo r a d i c a l ) and an i n i t i a l one -e l ec t ron t r a n s f e r r e a c t i o n 
t o g i v e the phenylazo r a d i c a l which can decompose to the phenyl r a d i c a l 
and n i t r o g e n . The c h a r a c t e r i s t i c s of the r e a c t i o n medium determine which 
one or combination of the above p o s s i b i l i t i e s the diazonium s a l t uses 
i n i t s decomposi t ion. A l l of our experiments were performed in aqueous, 
neu t r a l or a c i d i c , p_H 5.0 s o l u t i o n s , and, t h e r e f o r e , the phenyl c a t i o n 
pathway should be the predominant one. 
The formation of an in termedia te phenyl c a t i o n has been regarded 
f o r many yea r s as the f i r s t and ra te -de te rmin ing s tep i n the s o l v o l y s i s 
of diazonium s a l t s i n an a c i d i c , aqueous s o l u t i o n . The experimental 
evidence f o r t h i s r e a c t i o n pathway has been summarized by L e w i s , ^ 
E. S. Lewis , J . Am. Chem. S o c . , 80, 1371 (1958) . 
2 3 
Z o l l i n g e r ^ and Brower . Th i s u n i m o l e c u l a r pathway i s s u p p o r t e d b y 
t he o b s e r v a t i o n s t h a t f i r s t - o r d e r k i n e t i c s w i t h r e s p e c t t o t he 
d iazon ium s a l t a re o b s e r v e d , t ha t t h e r a t e c o n s t a n t s a re independent 
o f t he an ions p r e s e n t i n s o l u t i o n , o f t he a c i d i t y o v e r a wide range 
and o f the s o l v e n t u s e d , t ha t t h e e f f e c t o f t he s u b s t i t u e n t s on t he 
a roma t i c r i n g i s c o n s i s t e n t w i t h t he u n i m o l e c u l a r r e a c t i o n but i s no t 
c o n s i s t e n t w i t h a b i m o l e c u l a r a t t a c k by the s o l v e n t , t h a t t he r a t i o o f 
t he c h l o r o b e n z e n e t o t he p h e n o l p r o d u c e d when s u b s t i t u t e d b e n z e n e -
d iazon ium s a l t s a re decomposed i n the p r e s e n c e o f the c h l o r i d e i o n 
a g r e e s w i t h t h e u n i m o l e c u l a r pa thway, t ha t s t u d i e s o f the e f f e c t o f 
h y d r o s t a t i c p r e s s u r e on the r a t e s show l a r g e , p o s i t i v e changes i n the 
volume o f a c t i v a t i o n and t ha t t h e p r o d u c t r a t i o f o r t h e d e c o m p o s i t i o n 
o f t he 4 - n i t r o b e n z e n e d i a z o n i u m s a l t i n t h e p r e s e n c e o f the bromide i o n 
i s i n s e n s i t i v e t o changes i n t he p r e s s u r e . 
The p h e n y l - c a t i o n pathway has been r e c e n t l y m o d i f i e d by L e w i s 6 9 
and by T a f t . 6 ^ ? 6 5 , 6 6 Lewis s u g g e s t e d t ha t one o f two p o s s i b l e r e a c t i v e 
i n t e r m e d i a t e s i s r e v e r s i b l y formed b e f o r e t h e l o s s o f n i t r o g e n . The 
s t r u c t u r e s o f t he two s p e c u l a t i v e i n t e r m e d i a t e s were a s p i r o c y c l i c 
s t r u c t u r e and an e x c i t e d s t a t e , p r o b a b l y v i b r a t i o n a l , o f t he d i azon ium 
i o n , T a f t s u g g e s t e d t h a t the t r a n s i t i o n s t a t e which y i e l d s t he 
p h e n y l c a t i o n has a h i g h d e g r e e o f t r i p l e t r a d i c a l - c a t i o n c h a r a c t e r . 
The e x p e r i m e n t a l e v i d e n c e g i v e n by Lewis i n suppor t o f h i s i n ­
t e r m e d i a t e s i n c l u d e d the i s o t o p i c rearrangement o f t he u n s u b s t i t u t e d 
6 8 K . R . Brower , J . Am. Chem. S o c . , 8 2 , 8 6 2 ( i 9 6 0 ) . 
6 9 E . S. Lewis and J . M. I n s o l e , J . Am. Chem. S o c . , 8 6 , 3 2 , 3 4 ( 1 9 6 4 ) . 
2 4 
and t h e 4 - m e t h y I b e n z e n e d i a z o n i u m -<JC-N 5 s a l t s which accompanies t h e i r 
h y d r o l y s i s ^ and t h e s m a l l i n c r e a s e i n t h e r a t e which i s o b s e r v e d when 
t h e t h i o c y a n a t e i o n i s added t o t h e s o l u t i o n o f t h e benzenediazonium 
s a l t . ^ Lewis p o i n t e d out i n support of h i s m o d i f i e d mechanism t h a t 
o t h e r workers have a l s o o b s e r v e d a r a t e enhancement. ? The examples 
g i v e n i n c l u d e d t h e d e c o m p o s i t i o n of benzenediazonium c h l o r i d e i n h i g h 
c o n c e n t r a t i o n s , t h e d e c o m p o s i t i o n of t h i s s a l t i n t h e p r e s e n c e o f h i g h 
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c o n c e n t r a t i o n s of h y d r o c h l o r i c a c i d 3 or i n t h e p r e s e n c e of t h i o ­
c y a n a t e i o n , and t h e d e c o m p o s i t i o n of t h e 4 - n i t r o b e n z e n e d i a z o n i u m s a l t 
i n t h e p r e s e n c e o f t h e bromide i o n . 
The e x p e r i m e n t a l e v i d e n c e g i v e n by T a f t i n support of h i s d i r a d i c a l 
c a t i o n i n t e r m e d i a t e was based on t h e enhanced r a t e o f d e c o m p o s i t i o n f o r 
some m e t a - s u b s t i t u t e d d iazonium s a l t s „ T h i s enhancement can be d e t e c t e d 
by t h e Hammett c o r r e l a t i o n s of t h e r a t e s f o r t h e a q u e o u s , t h e r m a l decompo-
6 6 
s i t i o n o f some benzenediazonium s a l t s . T a f t has shown t h a t f o r s e v e r a l 
r e a c t i o n s e r i e s t h e e f f e c t s o f uncharged meta - and p a r a - s u b s t i t u e n t s on 
t h e r e a c t i v i t i e s of benzene d e r i v a t i v e s may be t r e a t e d as t h e sum of t h e 
i n d u c t i v e and t h e re sonance p a r a m e t e r s . These two e f f e c t s may be s e p ­
a r a t e d , s i n c e m e t a - s u b s t i t u e n t s a r e not a f f e c t e d by d i r e c t r e sonance i n t e r ­
a c t i o n s w i t h t h e r e a c t i o n c e n t e r f o r many r e a c t i o n s o f h i s s e r i e s . However, 
7 0 E . So Lewis and J„ E . Cooper , J 0 Am. Chem. S o c . , 8 £ , 3 8 4 7 ( 1 9 6 2 ) . 
71M„ L . C r o s s l e y 3 R, H, K i e n l e and C. H. Benbrook , J . Am. Chem. 
S o c . , 6 2 , U 0 0 ( 1 9 4 0 ) . 
7 2 E . A , Moelwyn-Hughes and P,, Johnson , T r a n s . Faraday S o c . , £ 6 , 
9 4 8 ( 1 9 4 0 ) o 
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t o a c c o u n t f o r t h e r a t e e n h a n c e m e n t w h i c h i s o b s e r v e d f o r s o m e m e t a -
s u b s t i t u e n t s w i t h t h e t h e r m a l d e c o m p o s i t i o n o f s o m e d i a z o n i u m s a l t s , 
T a f t 6 ^ 6 5 h a s s u g g e s t e d t h a t t h e i n t e r m e d i a t e p h e n y l c a t i o n s h o u l d b e 
r e g a r d e d a s a t r i p l e t - s t n t o , p h e n y l c a t i o n . T h i s d i r a d i c a l i s f o r m e d 
w h e n a p_i e l e c t r o n o f t h e b e n z e n e r i n g f a l l s w i t h c o n c e r t e d u n c o u p l i n g 
i n t o t h e o p e n s p ^ o r b i t a l o f t h e c a t i o n , t h a t i s , t h e o r b i t a l u s e d 
o r i g i n a l l y t o f o r m t h e c a r b o n - n i t r o g e n s i g m a b o n d o f t h e d i a z o n i u m 
s a l t , T h i s e l e c t r o n i c r e a r r a n g e m e n t i s s a i d t o a l l o w t h e m e t a - s u b s t i -
t u e n t t o h e l p s t a b i l i z e t n e t r a n s i t i o n s t a t e a n d t h e i n t e r m e d i a t e p h e n y l 
c a t i o n b y r e s o n a n c e a n d t h e r e b y d e c r e a s e t h e f r e e e n e r g y o f a c t i v a t i o n . 
H i s e s t i m a t e s o f t h i s q u a n t i t y i n d i c a t e d a h i g h d e g r e e o f r a d i c a l - c a t i o n 
c h a r a c t e r f o r t h e t r a n s i t i o n s t a t e . 
H o w e v e r , t h e s i m p l e p h e n y l c a t i o n p a t h w a y a n d t h e m o d i f i c a t i o n s 
w h i c h h a v e b e e n s u g g e s t e d b y L e w i s a n d T a f t c a n n o t a c c o u n t f o r a l l o f 
t h e e x p e r i m e n t a l r e s u l t s w h i c h h a v e b e e n r e p o r t e d i n t h e l i t e r a t u r e . 
S o m e o t h e r e x p e r i m e n t a l r e s u l t s w h i c h m a s t b e c o n s i d e r e d i n c l u d e n o n -
r e p r o d u c i b l e r a t e s , t h e f o r m a t i o n o f t h e p r o d u c t s b y e r r a t i c b e h a v i o r 
a n d i n n o n r e p r o d u c i b l e y i e l d s , a n d t h e s e n s i t i v i t y o f t h e r a t e s t o w a r d s 
t h e p r e s e n c e o f o t h e r c o m p o u n d s , S o m e e x a m p l e s o f t h e s e e x p e r i m e n t a l 
r e s u l t s w i l l b e d i s c u s s e d i n d e t a i l „ 
7 1 
C r o s s e l y , K i e n l e a n d B e n b r o o d h a v e c o n d u c t e d e x t e n s i v e k i n e t i c 
a n d p r o d u c t i n v e s t i g a t i o n s o f s e v e r a l d i a z o n i u m s a l t s i n a q u e o u s h y d r o ­
c h l o r i c a c i d (p_H 1 , 9 5 ; s o l u t i o n s „ W h i l e s o m e o f t h e i r r e s u l t s s u p p o r t 
t h e s i m p l e , p h e n y l c a t i o n p a t h w a y 9 s o m e o f t h e i r o t h e r o b s e r v a t i o n s 
s h o w e d t h a t o t h e r c o n s i d e r a t i o n s a r e a l s o i m p o r t a n t . A s l i g h t i n c r e a s e 
i n t h e r a t e w a s o b s e r v e d w i t h i n c r e a s i n g c o n c e n t r a t i o n o f t h e h y d r o c h l o r i c 
2 6 
a c i d u n t i l a m a x i m u m w a s o b t a i n e d a t 1 0 N . T h e y i e l d o f t h e p h e n o l d e ­
c r e a s e d f r o m 9 5 p e r c e n t i n d i l u t e s o l u t i o n t o 2 4 p e r c e n t i n v e r y c o n ­
c e n t r a t e d s o l u t i o n , w h i l e t h e r a t e i n c r e a s e d b y 1 3 p e r c e n t w i t h t h e s a m e 
c h a n g e i n t h e c o n c e n t r a t i o n s „ 
O t h e r w o r k e r s h a v e a l s o c o n f i r m e d t h e s e o b s e r v a t i o n s w h e n b e n -
z e n e d i a z o n i u m c h l o r i d e i s d e c o m p o s e d i n c o n c e n t r a t e d h y d r o c h l o r i c a c i d 
7 2 
s o l u t i o n . M o e l w y n - H u g h e s a n d J o h n s o n o b s e r v e d a 1 5 p e r c e n t i n c r e a s e 
i n t h e r a t e i n c o n c e n t r a t e d h y d r o c h l o r i c a c i d s o l u t i o n s o r i n c o n c e n ­
t r a t e d p h e n o l s o l u t i o n s b u t d i d n o t o b s e r v e a s i m i l a r r a t e e n h a n c e m e n t 
w h e n s o d i u m c h l o r i d e w a s a d d e d t o t h e s o l u t i o n . T h e y c o n c l u d e d t h a t 
t h e i r o b s e r v a t i o n s w e r e c o n s i s t e n t w i t h t h e c h a n g e s i n t h e i o n i c e n ­
v i r o n m e n t o f t h e d i a z o n i u m s a l t a n d o f f e r e d n o e v i d e n c e f o r o r a g a i n s t a 
f r e e r a d i c a l m e c h a n i s m . H o w e v e r ? i f t h e r e a c t i o n m e d i u m i s i r r a d i a t e d , 
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t h e n t h e p r e s e n c e o f t h e p h e n o l i s b e l i e v e d t o b e i m p o r t a n t . T h e • 
e l e c t r o n s p i n r e s o n a n c e s p e c t r u m o f t h e 4 - d i m e t h y l a m i n o p h e n o x y r a d i c a l 
i s o b s e r v e d w i t h p h o t o l y s i s o f a n a q u e o u s s o l u t i o n o f t h e c o r r e s p o n d i n g 
d i a z o n i u m s a l t . 
I f t h e d i a z o n i u m s a l t s a r e a c t i v a t e d b y a s t r o n g e l e c t r o n - w i t h d r a w i n g 
f u n c t i o n , t h e i r r e a c t i o n s a r e v e r y s e n s i t i v e t o t h e m e d i u m a n d p a r t i c u ­
l a r l y t o o t h e r c o m p o u n d s p r e s e n t . T h e 4 m n i t r o b e n z e n e d i a z o n i u m s a l t r e ­
a c t s , i n a n a c i d i c j s o d i u m b r o m i d e s o l u t i o n t o g i v e a m i x t u r e o f 4 - n i t r o -
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bromo benzene j, 4 - n i t r o p h e n o l a n d t a r , L e w i s a n d H i n d s s h o w e d t h a t t h e 
r a t e i n c r e a s e d w i t h i n c r e a s i n g b r o m i d e c o n c e n t r a t i o n a n d t h a t t h e r a t e s 
w e r e v e r y e r r a t i c . T h i s b e h a v i o r w a s t r a c e d t o t h e p r e s e n c e o f c o p p e r 
7
^ E . S „ L e w i s a n d W, H . H i n d s , J 0 A m . C h e m . S o c . , 7 4 , 3 0 4 ( 1 9 5 2 ) . 
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i n t h e s o l u t i o n . A s o l u t i o n w i t h a d d e d c u p r i c s u l f a t e decomposed a t a 
r a t e t o o f a s t t o m e a s u r e . T h i s s e n s i t i v i t y i s g r e a t l y i n c r e a s e d when t h e 
n i t r o f u n c t i o n i s r e p l a c e d b y t h e d i a z o n i u m f u n c t i o n . T h e d e c o m p o s i t i o n 
o f 4 - p h e n y l e n e t e t r a z o n i u m i o n i n a n a c i d i c , a q u e o u s , i o d i d e s o l u t i o n i s 
b e l i e v e d t o p r o c e e d b y a f r e e r a d i c a l p a t h w a y t o g i v e a v a r i e t y o f p r o d ­
u c t s , d e p e n d i n g on t h e c o n c e n t r a t i o n s o f t h e r e a c t a n t s . 9 
T h i s r e m a r k a b l e s e n s i t i v i t y t o t h e p r e s e n c e o f o t h e r compounds i s 
g r e a t l y r e d u c e d w i t h t h e l e s s a c t i v a t e d d i a z o n i u m s a l t s . H o w e v e r , i r ­
r e g u l a r i t i e s h a v e a l s o b e e n o b s e r v e d f o r t h e r e a c t i o n be tween t h e b e n -
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z e n e d i a z o n i u m i o n a n d t h e t h i o c y a n a t e i o n i n a n a q u e o u s s o l u t i o n . ' T h e 
r a t e c o n s t a n t s were e r r a t i c , a n d y i e l d s o f p r o d u c t s were n o t r e p r o d u c i b l e . 
The r a t e d i d show a s l i g h t i n c r e a s e w i t h i n c r e a s i n g c o n c e n t r a t i o n o f t h e 
t h i o c y a n a t e i o n , a n d , w h i l e t h i s i n c r e a s e i n t h e r a t e c o u l d be c a u s e d b y 
t h e r e v e r s i b l e f o r m a t i o n o f a r e a c t i v e i n t e r m e d i a t e , C o o p e r ^ h a s s u g ­
g e s t e d t h a t a f r e e - r a d i c a l p r o c e s s c o u l d a c c o u n t f o r t h i s b e h a v i o r a n d 
may be e v e n more i m p o r t a n t w i t h s u b s t i t u t e d b e n z e n e d i a z o n i u m s a l t s . I n 
g e n e r a l , t h e l e s s a c t i v a t e d d i a z o n i u m s a l t s a r e u n a f f e c t e d b y t h e p r e s e n c e 
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o f t h e c u p r i c i o n , ' b u t t h e s i g n i f i c a n c e o f t h i s o b s e r v a t i o n i s d u b i o u s , 
s i n c e c u p r o u s i o n h a s b e e n shown t o be t h e e f f e c t i v e c a t a l y s t i n most 
c o p p e r - c a t a l y z e d r e a c t i o n s o f d i a z o n i u m s a l t s . T h e c h i e f s i d e r e a c t i o n 
seems t o be t h e c o u p l i n g o f t h e d i a z o n i u m s a l t w i t h t h e p h e n o l p r o d u c e d 
b y s o i v o l y s i s o f t h e d i a z o n i u m s a l t , 
% J , E , C o o p e r , T h e s i s , T h e R i c e I n s t i t u t e , 1959; E . S . L e w i s a n d 
Ho S u h r , L Am, Chem, S o c , , 82, 862 (i960). 
7 5 E , S . L e w i s a n d E . B . M i l l e r , J , Am. Chem. S o c . , 75, 429 (1953). 
76E. S , L e w i s , Jo L . K i n s e y a n d R„ R . J o n s o n , J . Am. Chem. S o c . , 
78, 4294 (1956), 
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The e f f e c t s of oxygen and of the acetate ion were very pronounced 
in some of our experiments. Except f o r the 4,-phenylenetetra zonium ion 
9 
in the presence of the iod ide i o n , the oxygen i s be l ieved to have l i t t l e 
or no e f f e c t on the decomposition of diazonium sa l t s in aqueous, a c i d i c 
so lu t i ons . This behavior i s the opposi te t o that observed when the 
benzenediazonium ion i s decomposed in methanol using an acetate b u f f e r . 2 ^ 
When oxygen i s present , only 30 to 75 per cent o f the diazonium sa l t can 
be accounted f o r in the products , and the reac t ion mixture becomes a dark 
brown,, In the absence of oxygen, 98 per cent of the reactant can be 
accounted f o r , and the so lu t ion i s c o l o r l e s s . A complex rad ica l -cha in 
process involv ing a hemolytic cleavage of the carbon-nitrogen bond of 
the intermediate diazo compound was proposed to account f o r these r e s u l t s . 
There i s l i t t l e evidence in the l i t e r a tu re concerning the pos s ib l e 
e f f e c t s of the acetate ion in aqueous, a c i d i c s o l u t i o n s , although the de­
composition o f N-ni t rosoace tan i l ides and diazonium sa l t s in b a s i c , acetate 
so lu t ions are known to involve a f ree rad ica l pa thway.^ DeTar 2^ has a t ­
tempted to ext ract benzenediazoacetate with toluene from an aqueous 
so lu t ion containing acetate ions and benzenediazonium ions . He estimated 
the equil ibrium constant fo r the formation of the diazo compound to be 
l e s s than 10 J mole 1. when he could not i s o l a t e any benzenediazoacetate. 
This small equi l ibr ium constant was said to agree with the u l t r a v i o l e t 
spectra studies of Lewis which were reported by DeTar by pr ivate com­
munication. 
Reac t i v i t i e s 
Our d iscuss ions of the experimental resu l t s which have been reported 
in the l i t e ra tu re have emphasized that diazonium sa l t s can react by 
2 9 
s e v e r a l d i f f e r e n t p a t h w a y s . T h e c h o i c e o f t h e p a t h w a y o r c o m b i n a t i o n o f 
p a t h w a y s b y t h e d i a z o n i u m s a l t d e p e n d s o n t h e s u b s t i t u e n t g r o u p s a n d t h e 
r e a c t i o n c o n d i t i o n s . 
T h e i m p o r t a n c e o f t h e c h a r a c t e r i s t i c s o f t h e d i a z o n i u m s a l t s c a n 
b e e x p l a i n e d i n t e r m s o f r e s o n a n c e a n d i n d u c t i v e i n t e r a c t i o n s b e t w e e n 
t h e d i a z o n i u m f u n c t i o n a n d t h e o t h e r s u b s t i t u e n t s . T h e m a g n i t u d e s a n d 
t h e i n f l u e n c e s o f t h e s e p o s s i b l e i n t e r a c t i o n s a r e i n d i c a t e d b y b o t h 
t h e o r e t i c a l a n d e x p e r i m e n t a l c o n s i d e r a t i o n s . 
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S c h u s t e r a n d P o l a n s k y ' h a v e e x a m i n e d t h e p_i e l e c t r o n s t r u c t u r e 
o f s e v e r a l o r g a n i c d i a z o c o m p o u n d s b y c a r r y i n g o u t t h e o r e t i c a l c a l c u ­
l a t i o n s . T h e t h r e e d i a z o n i u m i o n s w h i c h t h e y c o n s i d e r e d w e r e t h e u n s u b -
s t i t u t e d a n d t h e 4 - s u b s t i t u t e d n i t r o - a n d N , N - d i m e t h y l a m i n o b e n z e n e -
d i a z o n i u m i o n s . T h e q u a n t i t i e s t h e y c a l c u l a t e d f o r t h e s e t h r e e d i a z o n i u m 
i o n s i n c l u d e d t h e b o n d o r d e r o f t h e c a r b o n - n i t r o g e n b o n d ; t h e p_i e l e c t r o n 
e n e r g y o f t h e p h e n y l c a t i o n , o f t h e d i a z o n i u m g r o u p , - N 2 ? a n d o f t h e 
b e n z e n e d i a z o n i u m i o n , A r - N 2 ^ ; a n d t h e e n t h a l p y f o r t h e d e c o m p o s i t i o n o f 
t h e d i a z o n i u m s a l t t o a p h e n y l c a t i o n a n d n i t r o g e n . T h e o r d e r o f i n ­
c r e a s i n g s t a b i l i t y o f t h e g r o u n d s t a t e s w a s C ^ N - ^ H - ^ C H ^ N - f o r t h e 
t h r e e d i a z o n i u m s a l t s a c c o r d i n g t o t h e c a l c u l a t i o n s f o r t h e b o n d - o r d e r a n d 
e n t h a l p y f o r t h e d e c o m p o s i t i o n o f t h e d i a z o n i u m s a l t s . T h e c a l c u l a t i o n s 
f o r t h e p_i e l e c t r o n e n e r g y o f t h e p h e n y l c a t i o n a n d o f t h e b e n z e n e d i a z o n i u m 
i o n i n d i c a t e d t h a t b o t h o f t h e s e s p e c i e s p o s s e s s e d t h e s a m e o r d e r o f i n ­
c r e a s i n g s t a b i l i t y , t h a t i s 0 2 N - > ( C I ^ ^ N - ^ H - . 
7 7 p 0 S c h u s t e r a n d 0 . E . P o l a n s k y , M o n a t s h e f t e f u r C h e m i e , g 6 , 3 9 6 
( 1 9 6 5 ) . 
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T H E E X P E R I M E N T A L METHODS W H I C H HAVE B E E N E M P L O Y E D TO R E L A T E T H E 
S T R U C T U R E AND T H E R E A C T I V I T Y OF T H E D I A Z O N I U M I O N S I N C L U D E S P E C T R A 
S T U D I E S , K I N E T I C S T U D I E S AND HAMMETT C O R R E L A T I O N S . 
N U J O L M U L L S HAVE B E E N U S E D T O RECORD THE I N F R A R E D S P E C T R A OF 
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S E V E R A L D I A Z O N I U M S A L T S . T H E C H A R A C T E R I S T I C A B S O R P T I O N OF THE 
D I A Z O N I U M GROUP I N 4 - 6 ji R E G I O N WAS DEPENDENT ON T H E S U B S T I T U E N T F U N C ­
T I O N S OF T H E A R O M A T I C N U C L E I AND V E R Y S L I G H T L Y DEPENDENT ON T H E A N I O N . 
T H I S C H A R A C T E R I S T I C A B S O R P T I O N D I S A P P E A R E D WHEN T H E T R I A Z E N E D E R I V A T I V E S 
WERE MADE F R O M T H E D I A Z O N I U M S A L T S . O T H E R WORKERS HAVE D I S C O V E R E D T H A T 
S Y S T E M A T I C , L I N E A R R E L A T I O N S H I P S E X I S T B E T W E E N T H E S E I N F R A R E D N I T R O G E N -
N I T R O G E N BOND S T R E T C H I N G F R E Q U E N C I E S AND T H E HAMMETT S U B S T I T U E N T SIGMA" 1" 
C O N S T A N T S A S W E L L A S F O R THE R A T E C O N S T A N T S F O R T H E C O U P L I N G R E A C T I O N S 
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OF 6 - N A P H T H O L - 2 - S U L F O N A T E W I T H T H E D I A Z O N I U M S A L T S . T H E S E S T U D I E S 
C O N F I R M THAT S T R O N G R E S O N A N C E I N T E R A C T I O N I N T H E E X P E C T E D S E N S E O C C U R S 
I N THE GROUND S T A T E OF D I A Z O N I U M S A L T S B E T W E E N T H E D I A Z O N I U M F U N C T I O N 
A N D T H E P A R A S U B S T I T U E N T S . 
V I S I B L E AND U L T R A V I O L E T A B S O R P T I O N S P E C T R A S T U D I E S HAVE A L S O C O N ­
F I R M E D T H E S T A B I L I Z A T I O N OF D I A Z O N I U M S A L T S B Y E L E C T R O N - D O N A T I N G G R O U P S . ' 
S U B S T I T U E N T S I N T H E P A R A P O S I T I O N CAN S T A B I L I Z E T H E D I A Z O N I U M GROUP B Y 
D I R E C T C O N J U G A T I O N B E T W E E N THE TWO F U N C T I O N S . T H I S I N T E R A C T I O N , W H I C H 
C A N B E S T BE D E S C R I B E D A S A Q U I N O N O I D S T R U C T U R E , WAS I N D I C A T E D T O B E I M -
7 % . B . W H E T S E L , G 0 F . H A W K I N S AND F , E . J O H N S O N , J . A M . CHEM. 
S O C , 7 8 , 3 3 6 0 ( 1 9 5 6 ) . 
? 9 R . J . C O X AND J . K U M A M O T O , J . O R G . C H E M . , ^ 0 , 4 2 5 4 ( 1 9 6 5 ) . 
s o L . c. A N D E R S O N AND J . W , S T E E D L Y , J R . , J . A M . CHEM. S O C . , 7 6 , 
5 1 4 4 ( 1 9 5 4 ) . 
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p o r t a n t i n t h e 4 - N , N - d i m e t h y l a m i n o b e n z e n e d i a z o n i u m c h l o r i d e b y n o t i n g t h e 
s i m i l a r i t i e s o f t h e s p e c t r a o f t h i s d i a z o n i u m s a l t a n d d i p h e n y l q u i n o -
m e t h a n e . 
T h e r e s u l t s o f t h e k i n e t i c s t u d i e s a n d H a m m e t t c o r r e l a t i o n s w h i c h 
a r e r e p o r t e d i n T a b l e 1 a l s o s h o w t h i s s a m e g e n e r a l t r e n d . C r o s s e l y , 
K i e n l e a n d B e n b r o o k ' ' h a v e d e t e r m i n e d t h e A r r h e n i u s e q u a t i o n p a r a m e t e r s 
f o r t h e t h e r m a l l y i n d u c e d d e c o m p o s i t i o n s o f a n u m b e r o f d i a z o n i u m i o n s 
i n a c i d i c , a q u e o u s s o l u t i o n s . T h e r a t e c o n s t a n t s f o r t h e d i a z o n i u m 
s a l t s w h i c h w e r e u s e d i n o u r s t u d i e s h a v e b e e n c a l c u l a t e d f r o m t h e s e 
p a r a m e t e r s f o r t h e t e m p e r a t u r e w h i c h w a s u s e d i n o u r e x p e r i m e n t s , t h a t 
i s , 3 0 . 0 ° C . T h e t w o s i g m a q u a n t i t i e s w h i c h a r e a l s o g i v e n i n T a b l e 1 
h a v e b e e n d e f i n e d b y T a f t ^ 4 ? 6 5 , 6 6 a Q r e s o n a n c e e f f e c t o f e a c h s u b -
s t i t u e n t i n t h e p a r a
 t ) , a n d m e t a , ) , p o s i t i o n s . T h e s e q u a n t i ­
t i e s <-,re s p e c i f i c f o r t h e t h e r m a l l y i n d u c e d d e c o m p o s i t i o n o f d i a z o n i u m 
s a l t s i n a c i d i c , a q u e o u s s o l u t i o n s . T h e s i g n a n d m a g n i t u d e o f t h e s e 
q u a n t i t i e s s u p p o r t b o t h t h e s u g g e s t e d d i r a d i c a l p h e n y l c a t i o n i n t e r m e d i a t e 
a s w e l l a s t h e c l a s s i c a l n o t i o n o f r e s o n a n c e s t a b i l i z a t i o n . T h e c l a s s i c a l 
n o t i o n i s t h a t t h e g r o u n d s t a t e b u t n o t t h e t r a n s i t i o n s t a t e i s s t a b i l i z e d 
b y e l e c t r o n - r e l e a s i n g g r o u p s i n t h e p a r a p o s i t i o n b y d i r e c t r e s o n a n c e i n ­
t e r a c t i o n o f t h e t w o f u n c t i o n s a n d t h a t , t h e r e f o r e , t h e i r r a t e o f d e c o m ­
p o s i t i o n i s d e c r e a s e d . T a f t 6 6 h a s d i s c u s s e d a t g r e a t l e n g t h t h e i d e a t h a t 
t h e s e d i r e c t r e s o n a n c e i n t e r a c t i o n s w i t h m e t a s u b s t i t u e n t s a r e i m p o s s i b l e 
i n t h e g r o u n d s t a t e b u t t h a t t h e i n c r e a s e i n t h e r a t e o f d e c o m p o s i t i o n 
f o r t h e s e m e t a s u b s t i t u t e d d i a z o n i u m s a l t s c a n b e e x p l a i n e d b y t h e s t a ­
b i l i z a t i o n o f t h e t r a n s i t i o n s t a t e b y t h e d i r a d i c a l p h e n y l c a t i o n . T h e 
l a s t c o l u m n g i v e s h i s e s t i m a t e s f o r t h e d e c r e a s e i n t h e f r e e e n e r g y o f 
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T a b l e 1 
Q u a n t i t i e s I n d i c a t i n g S t a b i l i t i e s o f D i a z o n i u m S a l t s 
D i a z o n i u m S a l t s , 
R a t e C o n s t a n t s , S i g m a C o n s t a n t s D e c r e a s e i n 
w h e r e R- i s , p m t h e f r e e 
s e c . " 1 5 " 6 e n e r g y o f 
R R a c t i v a t i o n , 
k c a l . / m o l e . 
C H ^ O - 1 . 4 x 1 0 - 1 5 + 0 . 6 2 - 0 . 4 4 1 . 7 
C H ^ - 1 . 0 x 1 0 " 5 + 0 . 2 7 - 0 . 1 1 0 . 5 
C I - + 0 . 2 7 - 0 . 1 4 0 . 2 
H - 6 . 1 x 1 0 " 5 
O . N - 2 . 1 x 1 0 ~ 5 - 0 . 0 6 - 0 . 0 9 
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a c t i v a t i o n d u e t o t h i s s t a b i l i z a t i o n . 
T h e r e a c t i o n m e d i u m c a n i n f l u e n c e t h e c h o i c e o f t h e r e a c t i o n p a t h ­
w a y b y t h e p o l a r i t y o f t h e s o l v e n t , t h e p_H o f t h e s o l v e n t , t h e p r e s e n c e 
o f o t h e r c o m p o u n d s w h i c h c o u l d a c t a s a r e d u c t a n t o r a f r e e r a d i c a l 
c h a i n i n i t i a t o r , t h e p r e s e n c e o f f r e e r a d i c a l t r a p p i n g a g e n t s , a n d t h e 
p r e s e n c e o f a n i o n s w h i c h c a n e n t e r i n t o a n e q u i l i b r i u m w i t h t h e 
d i a z o n i u m s a l t t o f o r m a d i a z o c o m p o u n d . T h e l i t e r a t u r e e v i d e n c e c o n ­
c e r n i n g t h e i n f l u e n c e o f a l l o f t h e s e f a c t o r s e x c e p t f o r t h e p r e s e n c e 
o f a n i o n s i n s o l u t i o n h a s a l r e a d y b e e n d i s c u s s e d e x t e n s i v e l y . T h e 
i m p o r t a n t i n f l u e n c e s t h a t t h e a n i o n s i n s o l u t i o n c a n e x e r t a r e t h a t 
t h e y c a n e f f e c t i v e l y r e d u c e t h e c o n c e n t r a t i o n o f t h e d i a z o n i u m i o n a s w e l l 
a s l e a d t o t h e i n i t i a t i o n o r t e r m i n a t i o n o f f r e e r a d i c a l r e a c t i o n s . 
T h e e q u i l i b r i u m b e t w e e n t h e d i a z o n i u m s a l t s a n d a v a r i e t y o f 
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a n i o n s h a s b e e n r e v i e w e d b y Z o l l i n g e r . T h e s e e q u i l i b r i a r e p r e s e n t r e ­
a c t i o n s w h e r e t h e t e r m i n a l n i t r o g e n o f t h e d i a z o n i u m f u n c t i o n a c t s a s a 
L e w i s a c i d t o a c c e p t a p a i r o f e l e c t r o n s f r o m t h e a n i o n . T h e r e s u l t i n g 
c o m p o u n d i s a r e a s o n a b l y s t a b l e a z o c o m p o u n d . T h e s e r e a c t i o n s a r e r e ­
l a t e d t o t h e c o u p l i n g r e a c t i o n s w h e r e d i a z o n i u m s a l t s a r e r e a c t e d w i t h 
a c t i v a t e d a r o m a t i c a m i n e s a n d p h e n o l s . I n t h e s e l a t t e r c a s e s t h e r e ­
a c t i o n i s r e n d e r e d i r r e v e r s i b l e b y t h e l o s s o f a p r o t o n . 
E x a m p l e s o f e q u i l i b r i a b e t w e e n d i a z o n i u m s a l t s a n d v a r i o u s a n i o n s 
i n c l u d e t h e s t u d i e s w i t h t h e h y d r o x i d e , t h e s u l f i t e a n d t h e c y a n i d e a n i o n 
t o f o r m t h e s y n - d i a z o t a t e , t h e s y n - d i a z o s u l f o n a t e a n d t h e s y n - d i a z o c y a n i d e , 
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r e s p e c t i v e l y . T h e H a m m e t t r h o v a l u e s f o r a l l o f t h e s e e q u i l i b r i a a s 
8 1 E . S . L e w i s a n d H . S u h r , C h e m . B e r . , 9 2 , 3 0 4 3 ( 1 9 5 9 ) . 
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w e l l a s f o r t h e c o u p l i n g r e a c t i o n s w i t h a r o m a t i c a m i n e s a n d p h e n o l s a r e 
v e r y h i g h , r a n g i n g f r o m 3 . 8 5 t o 6 . 3 . T h e s e r e a c t i o n s a r e c o m p l i c a t e d b y 
t h e f o r m a t i o n o f t h e t w o p o s s i b l e s t e r e o i s o m e r s a b o u t t h e n i t r o g e n -
n i t r o g e n b o n d a s w e l l a s t h e d e c o m p o s i t i o n o f t h e d i a z o n i u m s a l t t o t h e 
p h e n o l . 
T h e e x p e r i m e n t a l t e c h n i q u e u s e d t o s t u d y t h e s e e q u i l i b r i a w a s t o 
r e c o r d t h e s p e c t r a o f t h e s e p a r a t e s o l u t i o n s a s w e l l a s m i x t u r e s o f t h e 
t w o r e a c t a n t s . T h e w o r k e r s o b s e r v e d l a r g e s h i f t s i n t h e p o s i t i o n o f 
t h e a b s o r p t i o n p e a k s a n d a l s o c h a n g e s i n t h e e x t i n c t i o n c o e f f i c i e n t s . 
T h e s e new p e a k s w e r e a t t r i b u t e d t o t h e d i a z o c o m p o u n d s . 
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C H A P T E R I V 
P U R P O S E O F T H E R E S E A R C H W O R K P R E S E N T E D I N T H I S T H E S I S 
I n t h e d i s c u s s i o n p r e s e n t e d i n t h e f i r s t t h r e e c h a p t e r s o f t h i s 
t h e s i s , p r e l i m i n a r y e x p e r i m e n t a l r e s u l t s a n d r e f e r e n c e s f r o m t h e 
c h e m i c a l l i t e r a t u r e w e r e c i t e d w h i c h i n d i c a t e d t h a t t h e r e a c t i o n s 
a n d t h e i r p a t h w a y s o f d i a z o n i u m s a l t s a r e n o t n e a r l y a s s i m p l e a n d i n ­
d e p e n d e n t o f t h e r e a c t i o n m e d i u m a s t h e y a r e g e n e r a l l y b e l i e v e d t o b e . 
W e h a v e , t h e r e f o r e , p e r f o r m e d c e r t a i n e x p e r i m e n t s d e s i g n e d t o h e l p t o 
c l a r i f y t h e n a t u r e o f s o m e o f t h e s e r e a c t i o n s . 
T h e o r i g i n a l a p p r o a c h f o r t h i s i n v e s t i g a t i o n c o n s i s t e d o f s t u d y i n g 
t h e k i n e t i c s o f t h e r e a c t i o n b e t w e e n T M P D a n d t h e d i f f e r e n t d i a z o n i u m 
s a l t s a c c o r d i n g t o E q . 8 . T h i s w a s a c c o m p l i s h e d e x p e r i m e n t a l l y b y 
f o l l o w i n g t h e i n c r e a s e i n t h e a b s o r p t i o n a t 6 1 0 m u „ T h i s a b s o r p t i o n i s 
c a u s e d b y t h e f o r m a t i o n o f t h e r a d i c a l c a t i o n o f T M P D , T h e r a t e c o n ­
s t a n t s f o r t h e d e c o m p o s i t i o n o f t h e d i a z o n i u m s a l t s i n t h e a b s e n c e o f 
t h e T M P D w e r e a l s o d e t e r m i n e d u n d e r a s n e a r l y i d e n t i c a l e x p e r i m e n t a l 
c o n d i t i o n s a s i t w a s p o s s i b l e t o d u p l i c a t e , s o t h a t d i r e c t c o m p a r i s o n s 
o f t h e s e r e a c t i o n s c o u l d b e m a d e . 
A s t h e w o r k p r o g r e s s e d f o r t h e s t u d y o f t h i s r e a c t i o n , i t q u i c k l y 
b e c a m e a p p a r e n t t h a t m u c h t i m e a n d e f f o r t w o u l d h a v e t o b e d e v o t e d t o 
t h e d e s i g n o f t h e e x p e r i m e n t a l a p p a r a t u s a n d p r o c e d u r e d u e t o t h e 
s e n s i t i v i t y o f t h i s r e a c t i o n t o t h e e x a c t r e a c t i o n m e d i u m . B e s i d e s a t ­
t e m p t i n g t o r e f i n e t h e s e i m p o r t a n t f a c t o r s , o t h e r s y s t e m s a n d e x p e r i m e n t a l 
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procedures were sought which would not be as s e n s i t i v e t o the r e a c t i o n 
medium. This search l ed to the use of other compounds wi th higher 
ox ida t i on p o t e n t i a l s which could se rve as complexing or one -e l ec t ron 
t r a n s f e r r e a g e n t s . The reduced r e a c t i v i t y and s e n s i t i v i t y of these new 
systems a l lowed other experimental techniques t o be used . For example, 
s o l u t i o n s of the diazonium s a l t and the p o t e n t i a l complexing reagent as 
w e l l as a s o l u t i o n con ta in ing both reagents could be c a r e f u l l y made up 
and t h e i r u l t r a v i o l e t and nuclear magnetic resonance spec t ra c a r e f u l l y 
recorded. Comparison of these spec t r a i n some cases r evea l ed d i f f e r ­
ences which could not be a t t r i b u t e d to e i t h e r compound alone and which 
were , t h e r e f o r e , evidence fo r a complex formation between the two r e -
a c t a n t s . 
However, before these new experiments were performed, a new syn­
t h e t i c r e a c t i o n sequence was i n v e s t i g a t e d f o r the p repara t ion of TMPD 
and other r e l a t e d t e r t i a r y aromatic amines. The compounds obtained from 
t h i s sequence, as w e l l as s e v e r a l commercial ly prepared compounds, were 
used i n both our k i n e t i c s tud ies and in our s tud ie s seeking evidence 
fo r complex format ion. 
The r e s u l t s of t h i s r e sea rch e f f o r t have l ed t o the i n v e s t i g a t i o n 
of a new a n a l y t i c a l approach fo r f o l l o w i n g the decomposit ion of diazonium 
s a l t s , t o the i n v e s t i g a t i o n of s e v e r a l new r e a c t i o n sequences , to the 
refinement of a w e l l e s t a b l i s h e d r e a c t i o n , and t o a b e t t e r understanding 
of the p o s s i b i l i t i e s of one -e l ec t ron t r a n s f e r r e a c t i o n s and complex f o r ­




EXPERIMENTAL INSTRUMENTS, PREPARATION OF REAGENTS, 
EXPERIMENTAL APPARATUS AND PROCEDURE 
Ins t ruments Used 
The u l t r a v i o l e t and v i s i b l e s p e c t r a were r e c o r d e d w i t h t h e u se o f 
t h r e e i n s t r u m e n t s . When t h e r e s e a r c h e f f o r t was begun , a s i n g l e - b e a m B e c k -
mann Model DU s p e c t r o p h o t o m e t e r was u s e d f o r the k i n e t i c s t u d i e s . T h i s 
ins t rument was r e p l a c e d by a Z e i s s Model PMQ-II s i n g l e - b e a m s p e c t r o p h o ­
t o m e t e r . A doub le -beam Cary Model 1 4 . r e c o r d i n g s p e c t r o p h o t o m e t e r was u sed 
t o r e c o r d t he f i n a l s p e c t r a o f t he r e a c t i o n s o l u t i o n s as w e l l as f o r the 
s t u d i e s s e e k i n g e v i d e n c e f o r complex f o r m a t i o n . 
A b a t h , ma in ta ined a t c o n s t a n t t empera ture ( ^ 0 . 0 1 ° C) and f i l l e d 
w i t h e h t y l e n e g l y c o l , was p l a c e d b e s i d e the Z e i s s s p e c t r o p h o t o m e t e r . A 
Beckmann d i f f e r e n t i a l thermometer , which had been c a l i b r a t e d w i t h a 
N a t i o n a l Bureau o f Standards thermometer , was pe rmanen t ly p l a c e d i n t he 
ba th t o ma in ta in a c h e c k on t he t e m p e r a t u r e . During t he k i n e t i c s t u d i e s , 
t h e qua r t z c e l l was p l a c e d i n t he c o n s t a n t t empera ture b a t h . Th i s c e l l 
c o u l d be q u i c k l y and e a s i l y removed f rom the ba th and p l a c e d i n the Z e i s s 
s p e c t r o p h o t o m e t e r t o r e c o r d t he a b s o r p t i o n due t o one o f the r e a c t a n t s . 
The n u c l e a r magnet ic r e s o n a n c e s p e c t r a u sed i n the s t u d i e s t o 
f i n d e v i d e n c e o f complex f o r m a t i o n , t o c h e c k the p u r i t y o f the r e a c t a n t s 
and f o r the i d e n t i f i c a t i o n o f the p r o d u c t s were a l l r e c o r d e d w i t h t h e 
a i d o f a Va r i an A - 6 0 i n s t r u m e n t . 
The m e l t i n g p o i n t s were t aken i n g l a s s c a p i l l a r y t ubes p l a c e d i n an 
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o i l bath. Uncorrected Anschutz thermometers obtained from the Brooklyn 
Thermometer Company were used to determine the temperature of the bath. 
Preparation of the Diazonium Sal ts 
As the work f o r th i s thes i s progressed, a continuous e f f o r t was 
made to el iminate the impurit ies present in the d i azo t i za t i on p roces s , 
although the bas ic reac t ion between the an i l ine and n -bu ty ln i t r i t e was 
kept unchanged. Improvements in the method include the p u r i f i c a t i o n of 
the aromatic amines, of the d i azo t i za t i on reagent, and of the solvents 
used. 
The 4 - n i t r o a n i l i n e was pu r i f i ed by r e c r y s t a l l i z a t i o n from hot 
water, an i l ine was pur i f i ed by d i s t i l l a t i o n , and 4-niethoxyanil ine, 
4 -methy lan i l ine , 4 - c h l o r o a n i l i n e , 4 -bromoani l ine and 4 - i o d o a n i l i n e 
were pur i f i ed by sublimation. Their pur i ty was confirmed by comparing 
the i r melting poin ts with the l i t e r a tu re values and by recording the i r 
nuclear magnetic resonance spectra (Table 1 7 ) . The n - b u t y l n i t r i t e , 
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prepared in the usual manner, was pur i f i ed by d i s t i l l a t i o n and s tored 
over calcium c h l o r i d e . The solvents were pur i f i ed by d i s t i l l a t i o n . 
Stock acetone was d i s t i l l e d from phosphorus pentoxide and the d ie thy l 
ether was predried over calcium hydride and then d i s t i l l e d from a l i th ium 
aluminum hydride so lu t ion within 18 hours before use . The 4-0 to 50 per 
cent f l u o r o b o r i c ac id in aqueous so lu t i on , Baker Analyzed Grade, was used 
without addi t iona l p u r i f i c a t i o n . 
Except f o r a n i l i n e , a l l o f the aromatic amines, 0.10 mole, were 
d i s so lved in 25 ml. of acetone and a 50 per cent molar excess , 0.15 mole, 
8 2 W . A. Noyes, "Organic Synthes is ," v o l . I I , p . 108, New York (1943) . 
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of the aqueous f l u o r o b o r i c ac id so lu t i on . To th i s so lu t i on , which was 
placed in an i ce -ba th , n - b u t y l n i t r i t e , 0.15 mole, was added dropwise, 
with vigorous shaking. After an addi t iona l 15 minutes, p r e c i p i t a t i o n was 
caused by the addi t ion of 200 ml. of d ie thy l e ther . The diazonium sa l t 
was c o l l e c t e d by f i l t r a t i o n and washed with an addi t iona l 200 ml. o f 
d ie thy l e ther . After the diazonium sa l t had been r e c r y s t a l l i z e d twice by 
d i s so lv ing i t in acetone and then p rec ip i t a t i ng and washing i t with d ie thy l 
e ther , i t was dr ied in vacuum f o r two hours. 
Anilinium f luorobora te was made by d i s so lv ing the f resh ly d i s t i l l e d 
ani l ine in a 50 per cent molar excess o f 50 per cent f l uo robo r i c ac id 
so lu t i on . The s a l t , which c r y s t a l l i z e d from s o l u t i o n , was f i l t e r e d and 
dried under vacuum f o r s i x hours. The f luoroborate s a l t s of 4 - - 8 n i s i d i n e 
and p_-toluidine did not c r y s t a l l i z e when the amines were s imi l a r ly 
t rea ted , presumably due to the i r greater s o l u b i l i t y in water. The pur i ty 
of the anilinium sa l t was confirmed by t i t r a t i o n with standardized sodium 
hydroxide s o l u t i o n . In the preparation of benzenediazonium f luorobora te , 
the f l uo robo r i c ac id so lu t ion was de le ted . 
Preparation of One-Electron Transfer Reagents 
When work was begun f o r th i s t h e s i s , a s a t i s f a c t o r y synthesis f o r 
the one-e lec t ron t ransfer reagent TMPD was not known. The usual method 
employed f o r i t s preparation was the N-methylation of p_-phenylenediamine 
by heating i t s dihydrochlor ide with methanol in a sealed t u b e . ^ The 
new method discovered by us f o r the preparation of TMPD involves an 
i n i t i a l r eac t ion of c h l o r o - or i odoace t i c ac id with the diamine to y i e l d 
8 3 R . Meyer, Chem. Ber . , J6, 2979 (1903) . 
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4 - p h e n y l e n e d i i m i n o t e t r a a c e t i c a c i d . T h i s i n t e r m e d i a t e p r o d u c t was t h e n 
d e c a r b o x y l a t e d t o t h e d e s i r e d TMPD by h e a t i n g t h e d r y s o l i d i n a l a r g e 
vacuum s u b l i m a t i o n a p p a r a t u s . ^ The r e a c t i o n sequence i s i l l u s t r a t e d by 
E q s . 13 and 1 4 . 
H o N - U V > - N H 0 + 4 C l C H o C 0 o H 1 . 8NaQH ^ 2 2 2 2
 2 j ( + ) / 
( H 0 2 C C H 2 ) 2 N - ^ ^ ^ > - N ( C H 2 C 0 2 H ) 2 ( E q . 13) 
( H 0 2 C C H 2 ) 2 N - - N ( C H 2 C 0 2 H ) 2 1 8 0 ° C \ 
4 C 0 2 + ( H 3 C ) 2 N - < ^ ) - N ( C H 3 ) 2 ( E q . 14 ) 
The f i r s t e x p e r i m e n t a l p r o c e d u r e f o r p e r f o r m i n g r e a c t i o n s a c c o r d i n g 
t o Eq . 9 was t o add a l l o f t h e r e a c t a n t s i n a round-bot tomed f l a s k and 
r e f l u x i n t h e c o n c e n t r a t e d b a s i c aqueous sodium h y d r o x i d e s o l u t i o n . We 
found t h a t a more s a t i s f a c t o r y y i e l d c o u l d be o b t a i n e d by c a r r y i n g out 
t h e r e a c t i o n under m i l d e r b a s i c c o n d i t i o n s . The improvements i n c l u d e d t h e 
r e p l a c e m e n t o f sodium hydrox ide w i t h sodium b i c a r b o n a t e and t h e a d d i t i o n 
o f t h e sodium s a l t of 2 - h a l o a l i p h a t i c a c i d aqueous s o l u t i o n dropwise w i t h 
a dropping f u n n e l . The d e c a r b o x y l a t i o n must be c a r r i e d out under a 
p r e s s u r e of a p p r o x i m a t e l y 2 0 mm. o f Hg, and t h e p r e s s u r e must be o b t a i n e d 
w i t h a water a s p i r a t o r and not a t a l ower p r e s s u r e such as t h a t o b t a i n e d 
from an u n r e g u l a t e d , m e c h a n i c a l vacuum pump. 
The g e n e r a l r e a c t i o n p r o c e d u r e f o r m e t h y l a t i o n o f a r o m a t i c monoamines 
R. Cox , J r . and B. D. S m i t h , J . O r g . Chem., 2 9 , 4 8 8 ( 1 9 6 4 ) . 
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was t o add 0 . 1 0 mole o f the amine t o 1 0 0 m l . o f wa te r which was hea t ed t o 
b o i l i n g under r e f l u x i n a t h r e e - n e c k e d , round-bo t tomed f l a s k . To t h i s 
h e t e r o g e n e o u s m i x t u r e , a s o l u t i o n o f 0 . 2 $ mole o f the c h l o r a c e t i c a c i d 
and 0 . 4 0 mole o f sodium b i c a r b o n a t e i n 1 0 0 m l . o f wa te r was added d r o p -
w i s e w i t h a d r o p p i n g f u n n e l . The s o l u t i o n was b o i l e d under r e f l u x f o r 
an a d d i t i o n a l hour and then a l l o w e d t o c o o l t o room t e m p e r a t u r e . A d d i ­
t i o n o f 2 0 m l . o f c o n c e n t r a t e d h y d r o c h l o r i c a c i d t o the s o l u t i o n y i e l d e d 
t he i m i n o d i a c e t i c a c i d as a p r e c i p i t a t e . The r e a c t i o n p r o c e d u r e f o r the 
a r o m a t i c d iamines was the same as t h e p r o c e d u r e d e s c r i b e d f o r the mono­
amines , e x c e p t t h a t t h e molar q u a n t i t i e s o f t he a l i p h a t i c a c i d , sodium 
b i c a r b o n a t e and c o n c e n t r a t e d h y d r o c h l o r i c a c i d were d o u b l e d . 
When the 2 - c h l o r o p r o p a n o i c a c i d was u s e d , the a c i d f a i l e d t o 
p r e c i p i t a t e when i s o l a t i o n was a t t empted by t h e above p r o c e d u r e . The 
sodium s a l t o f t he imino a c i d was c o l l e c t e d as a s o l i d by c o o l i n g the 
r e a c t i o n m i x t u r e . C o n c e n t r a t e d h y d r o c h l o r i c a c i d was t h e n added d i r e c t l y 
t o t h i s s o l i d . The s a l t mix tu re s l o w l y d i s s o l v e d , whereupon the a c i d 
c r y s t a l l i z e d f rom the s o l u t i o n and was c o l l e c t e d by f i l t r a t i o n . 
The s o l i d imino a c i d s p r e p a r e d b y t h e above p r o c e d u r e s f rom 
c h l o r o a c e t i c a c i d and 2 - c h l o r o p r o p a n o i c a c i d were d e c a r b o x y l a t e d a c ­
c o r d i n g t o t h e p r o c e d u r e d e s c r i b e d by Eq. 1 0 . The s o l i d a c i d was p l a c e d 
i n t he b o t t o m o f a l a r g e vacuum s u b l i m a t i o n appara tus and h e a t e d t o a 
t empera tu re a p p r o x i m a t e l y 2 5 ° C above i t s m e l t i n g p o i n t . The appara tus 
was e v a c u a t e d b e f o r e and du r ing t he d e c a r b o x y l a t i o n w i t h a wa te r a s ­
p i r a t o r . The p r o d u c t was c o l l e c t e d on t h e c o l d f i n g e r o f t he a p p a r a t u s . 
When t h e p r o d u c t was a l i q u i d o r a s o l i d m e l t i n g c l o s e t o room t e m p e r a t u r e , 
a s p e c i a l s u b l i m a t i o n appara tus was u s e d , the c o l d f i n g e r o f which was 
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cooled by means of dry i c e and acetone p l aced d i r e c t l y i n the co ld f i n g e r , 
r a the r than the u s u a l procedure of running tap water through the c o l d -
f i n g e r . 
These p o t e n t i a l one -e l ec t ron t r a n s f e r reagents were p u r i f i e d by d i s ­
s o l v i n g the amine i n petroleum e ther ( b . p . 36-60° C) and pas s ing t h i s 
s o l u t i o n through a shor t column of bas i c a c t i v a t e d alumina. A f t e r 
evapora t ion of the s o l v e n t , the amine was fu r the r p u r i f i e d by vacuum sub­
l i m a t i o n . A l l of the amines, except TMPD, were used d i r e c t l y as the pure 
compound. 
The amine TMPD i s s t a b l e i n con tac t wi th a i r , but wi th l i g h t and 
moisture exc luded , f o r extended pe r iods of t ime . However, under the 
exper imenta l cond i t ions which we used f o r TMPD, we f e l t i t necessa ry to 
make the d i f l u o r o b o r i c a c i d s a l t of TMPD to insure i t s p u r i t y . This 
a c i d s a l t was prepared by d i s s o l v i n g the t e r t i a r y amine i n a 50 per cent 
molar excess of f l u o r o b o r i c a c i d s o l u t i o n and then c o l l e c t i n g the p r e ­
c i p i t a t e d a c i d s a l t by f i l t r a t i o n . The excess a c i d was removed by 
p l a c i n g the a c i d s a l t under vacuum, approximately 1.0 mm. of Hg, i n a 
d e s i c c a t o r f o r one week. The p u r i t y of t h i s a c i d s a l t was confirmed by 
c a l c u l a t i n g the molecular weight from the two equ iva l en t po in t s found 
by t i t r a t i n g a known weight of the a c i d s a l t w i th s tandard ized sodium 
hydroxide s o l u t i o n . 
The p repa ra t i on of 4 - n i t r o d i m e t h y l a n i l i n e could not be ach ieved by 
the above procedure because of the d e a c t i v a t i n g in f luence of the n i t r o 
group towards a l k y l a t i o n . There fo re , the procedure of Campbell was used 
t o prepare t h i s p o t e n t i a l one -e l ec t ron t r a n s f e r r e a g e n t . 8 5 A s o l u t i o n 
8 5 T . W. Campbell, J . Am. Chem. S o c . , 7 1 , 740 (1940) . 
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c o n t a i n i n g 0 . 3 7 mole o f d imethylamine h y d r o c h l o r i d e i n 1 0 m l . o f warm 
wa te r was added t o a mix ture o f 0 . 2 1 mole o f 4 - n i t r o b r o m o b e n z e n e i n 3 0 0 
ml . o f p y r i d i n e and 0 . 6 0 mole o f sodium b i c a r b o n a t e . T h i s r e a c t i o n m i x ­
t u r e was b o i l e d under r e f l u x f o r 1 0 h o u r s . The hot s o l u t i o n was t hen 
f i l t e r e d and t he s o l i d removed by f i l t r a t i o n and then e x t r a c t e d w i t h 
2 0 0 m l . o f a c e t o n e . Th i s a c e t o n e e x t r a c t was added t o t h e f i l t r a t e , which 
was then hea t ed t o b o i l i n g . To t h i s ho t s o l u t i o n , wa te r was added s l o w l y 
u n t i l t he s o l u t i o n became c l o u d y . C o o l i n g the s o l u t i o n t o room tempera ture 
y i e l d e d the y e l l o w n e e d l e s o f p_ -n i t rome thy l an i l i ne i n 9 5 p e r c e n t y i e l d . 
A f t e r r e c r y s t a l l i z a t i o n f rom me thano l , t he m e l t i n g p o i n t o f t h e p r o d u c t 
was 1 6 3 . 5 - 1 6 4 . 0 ° C. However, when we s u b s t i t u t e d d i e t h y l a m i n e f o r t he 
d ime thy lamine , we r e c o v e r e d the s t a r t i n g m a t e r i a l unchanged , as i n d i c a t e d 
b y i t s m e l t i n g p o i n t . Th i s was p r o b a b l y due t o the p o o r q u a l i t y o f our 
sample o f d i e t h y l a m i n e . 
S e v e r a l o f t he t e r t i a r y amines p r e p a r e d b y t h e s e e x p e r i m e n t a l p r o ­
c e d u r e s , t o g e t h e r w i t h s e v e r a l o t h e r c o m m e r c i a l l y p r e p a r e d compounds, 
have been u s e d i n b o t h our k i n e t i c and complex f o r m a t i o n s t u d i e s . 
P r e p a r a t i o n o f S o l v e n t s . B u f f e r s and N i t r o g e n 
The f i r s t k i n e t i c s t u d i e s were pe r fo rmed w i t h wa te r f rom the me­
t a l l i c s t i l l o f t he c h e m i s t r y depar tment . With t h e i n c r e a s i n g awareness 
o f t he s e n s i t i v i t y o f t he r e a c t i o n between TMPD and the v a r i o u s d i azon ium 
s a l t s t o t r a c e amounts o f ex t r aneous m a t e r i a l s , c o n s i d e r a b l e e f f o r t was 
made t o remove t he l a s t t r a c e amounts o f b o t h o r g a n i c and i n o r g a n i c ma­
t e r i a l s , p a r t i c u l a r l y m o l e c u l a r o x y g e n , f rom the r e a c t i o n v e s s e l and 
medium. Th i s s e c t i o n i s c o n c e r n e d w i t h deve lopments i n removing e x t r a n e o u s 
m a t e r i a l s f rom t h e s o l v e n t s , n i t r o g e n and b u f f e r s t o c k s o l u t i o n s . The 
f o l l o w i n g s e c t i o n r e l a t e s a s i m i l a r p r o g r e s s i o n o f e v e n t s f o r the appara tus 
and the e x p e r i m e n t a l p r o c e d u r e . 
The f i r s t r e a c t i o n s o l u t i o n s were made w i t h wa te r f rom the m e t a l l i c 
s t i l l , which had been deoxygena ted by h e a t i n g the wa te r t o b o i l i n g f o r 
t h i r t y minu t e s . No e f f o r t was made t o p u r i f y t he w a t e r , and n e i t h e r was 
t h e r e any e f f o r t t o remove t r a c e amounts o f e x t r a n e o u s m a t e r i a l s f rom the 
p r e p a r a t i v e o r r e a c t i o n v e s s e l s a t t h i s t i m e , o t h e r than t o wash the 
v e s s e l s w i t h soap and w a t e r . 
In an a t tempt t o remove more oxygen f rom the r e a c t i o n medium, a 
s e r i e s o f appa ra tuses was d e v e l o p e d i n which t he s o l v e n t s c o u l d be d e -
oxygena ted by a f r e e z i n g - t h a w i n g p r o c e s s under vacuum. In the f i n a l 
s t a g e s o f the deve lopment o f t h e s e a p p a r a t u s e s , a s p e c i a l a l l - g l a s s s t i l l 
was a l s o c o n s t r u c t e d i n which the s o l v e n t c o u l d be d i s t i l l e d i n a n i t r o g e n 
a tmosphere . Th i s s t i l l was d e s i g n e d t o p u r i f y the s o l v e n t by d i s t i l l a t i o n 
and t o a s s i s t i n t h e d e o x y g e n a t i o n o f the s o l v e n t by s a t u r a t i n g i t w i t h 
n i t r o g e n . 
A p p r o x i m a t e l y one l i t e r o f wa te r f rom the m e t a l l i c s t i l l was p l a c e d 
i n the t w o - l i t e r , round-bo t tomed f l a s k which composed the bo t tom p o r t i o n 
o f the s t i l l . To t h i s w a t e r , a p p r o x i m a t e l y 5 g r . o f p o t a s s i u m permanganate 
and 2 g r . o f sodium h y d r o x i d e were added . N i t r o g e n was bubb led th rough 
t h i s s o l u t i o n and then a l l o w e d t o sweep out t he remainder o f the a p p a r a t u s . 
Thus the s o l v e n t was d i s t i l l e d under an a tmosphere o f n i t r o g e n i n t o the 
r e s e r v o i r on t he s t i l l . From t h i s r e s e r v o i r , a known, c o n s t a n t volume o f 
a p p r o x i m a t e l y 5 0 m l . was d e l i v e r e d d i r e c t l y i n t o the r e a c t i o n v e s s e l . 
The n i t r o g e n used i n t h i s d i s t i l l i n g p r o c e s s was c o m m e r c i a l l y p r e -
p u r i f i e d . I t was then pas sed th rough two gas wash b o t t l e s c o n t a i n i n g a 
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chromous sul fa te so lu t ion and then through one gas wash b o t t l e containing 
concentrated su l fu r ic a c i d . The chromous sulfa te so lu t ion used to remove 
the l a s t t race amounts of oxygen from the prepur i f ied ni trogen was p re ­
pared by d i s so lv ing 50 gr . of the chromic s a l t , CrK(S0^)"12 R^O, and 2 7 
ml. of concentrated su l fur ic ac id in two l i t e r s of water. This b lue-
green so lu t ion was poured in to the gas wash b o t t l e s together with approxi­
mately 5 g r . o f z i n c . Nitrogen was bubbled through the so lu t ion u n t i l i t 
became a deep b lue ; th i s c o l o r change indicated that the so lu t ion was 
ready f o r use . 
The s tock buffer so lu t ions were prepared with water from the s t i l l 
descr ibed above. A l l o f the reagents used in the buffer so lu t ions were 
Baker Analyzed Grade. The ea r ly work used potassium ac id phthalate as 
the buffer , but i t was replaced by phosphate-phosphoric ac id and ace ta te -
a c e t i c ac id buf fe r s . This subs t i tu t ion was necessary because of the strong 
absorption of the potassium ac id phthalate in the u l t r a v i o l e t reg ion . The 
sodium ace ta te , with three moles of water of c r y s t a l l i z a t i o n , was used 
d i r e c t l y without r e c r y s t a l l i z a t i o n , a f te r being dried under vacuum, 10 mm. 
of Hg, and heated t o 80° C. The l i q u i d reagent grade a c e t i c and phosphoric 
acids were used d i r e c t l y . These s tock buffer s o l u t i o n s , usual ly 5 m l . , were 
added by means of a p ipe t t e to the reac t ion v e s s e l , together with add i t iona l 
solvent from the s t i l l , to make up the reac t ion medium. 
Apparatus and Experimental Procedure 
Used to Col lec t Data f o r Kinetic Studies 
A l l of the k ine t i c s tudies performed f o r th i s t hes i s used the change 
in the absorption maximum of the reactants in the u l t r a v i o l e t and v i s i b l e 
regions as the ana ly t i ca l means f o r fo l lowing the progress of the r eac t ion . 
4.6 
The c o n c e n t r a t i o n s o f the r e a c t a n t s a re d i r e c t l y p r o p o r t i o n a l t o t h e i r 
a b s o r p t i o n a t t h e i r a b s o r p t i o n maximum a c c o r d i n g t o t h e r e l a t i o n s h i p 
which i s known as L a m b e r t - B e e r ' s Law. T h i s i s s t a t e d i n i t s mathemat ica l 
fo rm by Eq. 15? where "A" i s the a b s o r p t i o n , " e " i s t he molar e x t i n c t i o n 
c o e f f i c i e n t , " 1 " i s the l e n g t h o f the l i g h t pa th th rough the r e a c t i o n 
s o l u t i o n i n the c e l l , and " c " i s t he c o n c e n t r a t i o n o f t he r e a c t a n t . 
The s t u d i e s p r e s e n t e d here a r e t h o s e i n which the d iazon ium s a l t 
i s a l l o w e d t o decompose i n the p r e s e n c e and absence o f a o n e - e l e c t r o n 
t r a n s f e r r e a g e n t . The e x p e r i m e n t a l c o n d i t i o n s i n t h e s e two c a s e s a re 
d u p l i c a t e d as n e a r l y as p o s s i b l e s o t ha t compar i sons o f the two r e a c t i o n s 
can be made, A l i m i t e d number o f s t u d i e s were pe r fo rmed i n an a t tempt t o 
de te rmine the e f f e c t o f o t h e r compounds, such as o x y g e n , hydrogen p e r o x i d e 
and the a c e t a t e a n i o n . 
As the r e s e a r c h e f f o r t p r o g r e s s e d , i t became i n c r e a s i n g l y apparent 
t h a t t h e s e r e a c t i o n s o f the d iazon ium s a l t were e x t r e m e l y s e n s i t i v e t o 
t r a c e amounts o f e x t r a n e o u s compounds, as w e l l as t o t he e x p e r i m e n t a l 
c o n d i t i o n s . Th i s s e n s i t i v i t y was i n c r e a s e d by the use o f low c o n c e n t r a -
t i o n s , 10 ^ t o 10 J m o l a r , o f the r e a c t a n t s . T h e r e f o r e , the a c c u r a c y o f 
our s t u d i e s was l i m i t e d by our a b i l i t y t o remove t h e s e ex t r aneous com­
p o u n d s , by our a b i l i t y t o p r e p a r e the r e a c t a n t s , by our a b i l i t y t o r e ­
move i m p u r i t i e s f rom the r e a c t i o n medium, by t he l i m i t a t i o n o f the s p e c ­
t r o p h o t o m e t e r i n de t e rmin ing the a b s o r p t i o n a c c u r a t e l y , and by our 
a b i l i t y t o c a l c u l a t e t h e r a t e c o n s t a n t s . Because o f t he d i f f i c u l t y i n 
d e t e r m i n i n g the impor tance o f , and i n c o n t r o l l i n g , t h e s e f a c t o r s , much 
A = e 1 c , where (Eq. 15) 
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t ime and e f f o r t had t o be spent i n d e s i g n i n g the appara tus and an e x p e r i ­
menta l p r o c e d u r e which would g i v e the b e s t p o s s i b l e r e s u l t s . 
The f i r s t expe r imen t s were pe r fo rmed by making up the b u f f e r e d 
s o l u t i o n s o f t he TMPD and the d i azon ium s a l t w i t h wa te r f rom the m e t a l l i c 
s t i l l , which was hea t ed t o b o i l i n g f o r t h i r t y minutes i n an a t tempt t o 
deoxygena t e t he w a t e r . The r e a c t i o n was then i n i t i a t e d by mix ing e q u a l 
vo lumes o f t h e s e two s o l u t i o n s . Th i s r e a c t i o n s o l u t i o n was then p l a c e d 
i n an o r d i n a r y o p e n - t o p , 1 c m . , Beckmann q u a r t z c e l l , and a Beckmann DU 
s p e c t r o p h o t o m e t e r was u s e d t o de te rmine the a b s o r p t i o n a t t h i s s t a g e . 
Th i s method a l l o w e d oxygen t o be s l o w l y a b s o r b e d f rom the a tmosphere . 
T h e r e f o r e , a c l o s e d appara tus was adap ted i n hope o f o b t a i n i n g more r e ­
p r o d u c i b l e and meaningfu l r e s u l t s b y e l i m i n a t i n g t h i s u n p r e d i c t a b l e 
r e a c t i o n f a c t o r 0 For p u r p o s e s o f g i v i n g the e x p e r i m e n t a l data l a t e r , 
t h i s p r o c e d u r e i s l a b e l l e d P r o c e d u r e I . 
The appara tus shown by F igu re 1 was t hen d e s i g n e d and u s e d i n t h e 
f o l l o w i n g manner. The r e a c t a n t s o l u t i o n s were a g a i n made w i t h wate r 
which had been hea t ed t o b o i l i n g f o r t h i r t y m i n u t e s . F i v e ml . o f the 
two b u f f e r e d s o l u t i o n s c o n t a i n i n g t he r e a c t a n t s were p l a c e d i n each arm 
o f the a p p a r a t u s . The s o l u t i o n s were d e g a s s e d by f r e e z i n g them i n an 
i c e - s a l t ba th and then e v a c u a t i n g the appara tus t o a p p r o x i m a t e l y 1 0 mm. 
o f Hg. The s o l i d s were then a l l o w e d t o thaw under t h e i r own v a p o r 
p r e s s u r e s . A f t e r r e p e a t i n g t h i s f r e e z i n g - t h a w i n g p r o c e s s t h r e e t i m e s , 
the two s o l u t i o n s were mixed and t he change i n t he a b s o r p t i o n maximum r e -
c o r d e d 0 Th i s i s l a b e l l e d P r o c e d u r e I I . 
F r e e z i n g o f the s o l u t i o n s f r e q u e n t l y b roke the q u a r t z c e l l , and 
thus an a d d i t i o n a l and l a r g e r c o n t a i n e r was added t o t h e s i d e o p p o s i t e 
F i g u r e 1. F i r s t Degass ing Appara tus 
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t he qua r t z c e l l . T o g e t h e r w i t h t h e a l r e a d y p r e s e n t and e n l a r g e d c o n t a i n e r , 
1 0 m l . o f each s o l u t i o n c o n t a i n i n g the two r e a c t a n t s c o u l d be added t o t he 
appara tus and then the s o l u t i o n s d e g a s s e d and the p r o g r e s s o f the r e a c t i o n 
f o l l o w e d as b e f o r e . Th i s method p e r m i t t e d the d e c o m p o s i t i o n o f the 
d i azon ium s a l t du r ing the d e g a s s i n g p r o c e d u r e and a l l o w e d the oxygen 
p r e s e n t i n the appara tus t o r e a c t w i t h the TMPD s o l u t i o n b e f o r e the r e a c ­
t i o n between the d i azon ium s a l t and t he TMPD was i n i t i a t e d . T h e r e f o r e , 
t he method was a g a i n m o d i f i e d as d e s c r i b e d b e l o w . 
The use o f an appara tus s i m i l a r t o t h a t shown i n Fugure 2 was then 
i n i t i a t e d . The f i r s t appara tus o f t h i s g e n e r a l d e s i g n d i d no t have a 
s t o p c o c k i m m e d i a t e l y be low the q u a r t z c e l l and the appara tus was c o n n e c t e d 
t o an o r d i n a r y m e c h a n i c a l vacuum pump sys tem by means o f rubber t u b i n g . 
The b u f f e r s o l u t i o n , a p p r o x i m a t e l y 5 0 m l . , was p l a c e d i n the bo t tom 
p o r t i o n and d e g a s s e d by the f r e e z i n g - t h a w i n g method. The two s o l i d r e ­
a c t a n t s were we ighed i n sma l l g l a s s - w e i g h i n g cups and p l a c e d i n the s i d e 
arms. Th i s i s l a b e l l e d P rocedure I I I . A f t e r the f i n a l thawing o f t he i c e , 
the v a p o r p r e s s u r e o f the r e a c t i o n medium de te rmined the i n t e r n a l p r e s s u r e 
o f t he a p p a r a t u s . The c u r v e s , o b t a i n e d by p l o t t i n g lnCAj j^-Arp) v e r s u s 
the t i m e , were shaped l i k e the l e t t e r s "S" and " Z . " Th i s b e h a v i o r c o u l d 
p o s s i b l y be e x p l a i n e d by the f a c t t h a t t h e appara tus a l l o w e d a i r t o l e a k 
s l o w l y i n t o t he appara tus so as t o f i n a l l y e q u a l i z e the i n t e r n a l and e x ­
t e r n a l p r e s s u r e s and the s e n s i t i v i t y o f t he r e a c t i o n t o o x y g e n . Thus 
t he appara tus and p r o c e d u r e were a g a i n m o d i f i e d . A l l o f the k i n e t i c r a t e 
c o n s t a n t s wh ich a re r e p o r t e d i n t h i s t h e s i s u s e d the appara tus and p r o c e ­
dure d e s c r i b e d i n the f o l l o w i n g p a r a g r a p h s . The p l o t t i n g o f l n f A ^ ^ - A ^ ) 
v e r s u s t he t ime gave a s t r a i g h t l i n e o v e r s e v e r a l h a l f - l i v e s , w i t h the 
50 
F i g u r e 2 . Second D e g a s s i n g Apparatus 
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m o d i f i c a t i o n s t o be d e s c r i b e d h e r e . 
The p r e c a u t i o n s a l r e a d y d e s c r i b e d i n the p r e c e d i n g s e c t i o n s were 
i n i t i a t e d t o i n s u r e the p u r i t y o f t h e s o l v e n t s , b u f f e r s and r e a c t a n t s . 
A ground g l a s s j o i n t was added so t h a t t h e a p p a r a t u s c o u l d be c o n ­
n e c t e d d i r e c t l y t o a h i g h vacuum s y s t e m . A s t o p c o c k was a l s o added so 
t h a t t h e q u a r t z c e l l compartment c o u l d be c l o s e d o f f and removed. A l l 
o f t h e ground g l a s s j o i n t s on t h e apparatus were p a i r e d , l a b e l l e d and 
p o l i s h e d w i t h 8 0 0 mesh carborundum g r i n d i n g powder. These j o i n t s were 
s e a l e d w i t h A p i e z o n h i g h vacuum g r e a s e , Type N. 
A new h i g h vacuum s y s t e m was c o n s t r u c t e d and r e s e r v e d f o r t h e d e ­
g a s s i n g p r o c e d u r e . T h i s s y s t e m u s e d a m e c h a n i c a l t w o - s t a g e Welch Duo-
S e a l e d h i g h vacuum pump c a p a b l e o f a maximum vacuum of 0 . 0 5 microns o f 
Hg. T h i s maximum vacuum c o u l d o c c a s i o n a l l y be o b t a i n e d d u r i n g t h e d e ­
g a s s i n g p r o c e d u r e , but t h e u s u a l vacuum o b t a i n e d was between one and 
f i v e m i c r o n s . T h i s h i g h vacuum s y s t e m a l l o w s two a p p a r a t u s e s t o be 
connec ted a t t h e same t ime t o t h e vacuum m a n i f o l d . The m a n i f o l d c o u l d 
be c l o s e d o f f from t h e r e s t o f the s y s t e m and n i t r o g e n i n t r o d u c e d d i r e c t l y 
i n t o t h e m a n i f o l d and , t h e r e b y , i n t o t h e a p p a r a t u s e s . The n i t r o g e n was 
p u r i f i e d i n t h e same manner as d e s c r i b e d i n t h e p r e c e d i n g s e c t i o n . 
An a p p a r a t u s was p r e p a r e d f o r a k i n e t i c exper iment by f i r s t r e ­
moving a l l o f t h e o l d s t o p c o c k g r e a s e w i t h c h l o r o f o r m , washing w i t h soap 
and w a t e r , and r i n s i n g i t w i t h c o n c e n t r a t e d n i t r i c a c i d , f o l l o w e d by 
a n o t h e r r i n s e w i t h water from t h e a l l - g l a s s s t i l l d e s c r i b e d i n t h e p r e ­
c e d i n g s e c t i o n . I t was t h e n d r i e d i n an oven s e t a t 1 3 0 ° C. F r e s h l y 
d i s t i l l e d water from t h e s p e c i a l s t i l l and b u f f e r s t o c k s o l u t i o n were 
added t o t h e apparatus and t h e r e a c t a n t s p l a c e d i n t h e s i d e arms by means 
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o f s m a l l g l a s s - w e i g h i n g c u p s . The b u f f e r s o l u t i o n was f r o z e n w i t h the a id 
o f a d r y i c e , a c e t o n e b a t h , w i t h the ba th t empera ture a t a p p r o x i m a t e l y 
- 7 0 ° C. The appara tus was then e v a c u a t e d t o t h e b e s t p o s s i b l e vacuum. 
The appara tus was f i l l e d w i t h n i t r o g e n and a g a i n e v a c u a t e d . Th i s p r o c e ­
d u r e , which was u s e d t o remove t r a c e amounts o f oxygen f rom the a p p a r a t u s , 
was r e p e a t e d t w i c e . A f t e r w a r d s , t he appara tus was e v a c u a t e d a g a i n and 
the s o l i d r e a c t i o n medium a l l o w e d t o thaw under i t s own v a p o r p r e s s u r e . 
The d i s s o l v e d g a s e s , which had been squeezed out o f t he c r y s t a l l a t t i c e , 
bubb l ed out o f t he s o l u t i o n . T h i s f r e e z i n g - t h a w i n g p r o c e s s was r e p e a t e d 
f o u r t i m e s , and the l a s t t ime no b u b b l e s were o b s e r v e d emerging from the 
c r y s t a l l a t t i c e . A f t e r t he f i n a l d e g a s s i n g s t e p , a vacuum was l e f t i n 
t h e qua r t z c e l l compartment , but t he remainder o f t he appara tus was f i l l e d 
w i t h n i t r o g e n t o a p r e s s u r e j u s t b e l o w t h a t o f the a t m o s p h e r i c p r e s s u r e . 
The appara tus was a l l o w e d t o come t o the rmal e q u i l i b r i u m i n t he c o n s t a n t 
t empera tu re b a t h . The r e a c t a n t s were then mixed w i t h the b u f f e r s o l u t i o n 
and the q u a r t z c e l l compartment f i l l e d w i t h t he r e a c t i o n s o l u t i o n . Th i s 
p o r t i o n o f the appara tus was s e a l e d by means o f the s t o p c o c k , and t he 
compartment was removed . Care was t aken t o p l a c e the q u a r t z c e l l i n the 
Z e i s s s i n g l e - b e a m s p e c t r o p h o t o m e t e r u s e d t o de te rmine the a b s o r p t i o n a t 
t h i s s t a g e i n e x a c t l y t he same manner each t i m e . At the c o m p l e t i o n o f 
the k i n e t i c s t u d y , the c o m p l e t e u l t r a v i o l e t and v i s i b l e s p e c t r a were r e ­
c o r d e d w i t h a Cary 14 doub le -beam r e c o r d i n g s p e c t r o p h o t o m e t e r . These 
s p e c t r a were u s e d t o i d e n t i f y t h e p r i n c i p a l p r o d u c t o f the r e a c t i o n . T h i s 
i s l a b e l l e d P r o c e d u r e IV. 
The p r o g r e s s o f the r e a c t i o n was f o l l o w e d u n t i l t h e r e was no f u r t h e r 
change i n the a b s o r p t i o n r e a d i n g s a t t h e wave l e n g t h o f the a b s o r p t i o n 
5 3 
maximum o f the r e a c t a n t . Th i s f i n a l r e a d i n g was t aken as t he i n f i n i t y 
v a l u e f o r the p u r p o s e s o f c a l c u l a t i n g t he r a t e c o n s t a n t . 
For p r e p a r a t i v e s c a l e e x p e r i m e n t s , t he same d e g a s s i n g p r o c e d u r e and 
an appara tus o f the same g e n e r a l d e s i g n were u s e d , e x c e p t t h a t the q u a r t z 
c e l l was r e p l a c e d b y a ground g l a s s s t o p p e r . A 2 5 0 m l . Er lenmeyer f l a s k 
was u sed as the r e a c t i o n v e s s e l f o r the k i n e t i c s t u d i e s , and no a t tempt 
was made t o degas t he r e a c t i o n medium. The same c a r e was t aken i n p r e ­
p a r i n g the r e a c t a n t s , r e a c t i o n s o l u t i o n s and v e s s e l as was taken w i t h 
t he d e g a s s e d k i n e t i c s t u d i e s f o r b o t h the p r e p a r a t i v e expe r imen t s and t he 
n o n - d e g a s s e d k i n e t i c s t u d i e s . 
Mathemat ica l Treatment o f K i n e t i c Data 
The mathemat ica l t r ea tment o f t he r a t e data c o n s i s t e d o f c a l c u ­
l a t i n g t he r a t e c o n s t a n t f o r e ach r e a c t i o n s t u d i e d . The d e c o m p o s i t i o n 
o f t he d i azon ium s a l t was s t u d i e d b o t h i n the p r e s e n c e and i n the 
absence o f TMPD and o t h e r p o t e n t i a l e l e c t r o n - t r a n s f e r r e a g e n t s under as 
n e a r l y the same e x p e r i m e n t a l c o n d i t i o n s as was p o s s i b l e , i n o r d e r t o du­
p l i c a t e t he c o n d i t i o n s . Under the e x p e r i m e n t a l c o n d i t i o n s which were 
u s e d , the r a t e o f d e c o m p o s i t i o n o f t he d iazon ium s a l t s h o u l d have been 
f i r s t o r d e r w i t h r e s p e c t t o t h e d iazon ium s a l t , s i n c e i t was p r e s e n t i n 
l i m i t i n g c o n c e n t r a t i o n . Thus , the r a t e c o n s t a n t s were a t f i r s t c a l c u l a t e d 
by t he g e n e r a l l y a c c e p t e d p r o c e d u r e o f p l o t t i n g t he q u a n t i t y ln(Aj j^ , -A,p) 
v e r s u s t he t ime and d e t e r m i n i n g the s l o p e o f the l i n e . The f i r s t - o r d e r 
r a t e c o n s t a n t was then e q u a l t o t h e v a l u e o f the s l o p e when n a t u r a l 
O D A . A. F r o s t and R. G. P e a r s o n , " K i n e t i c s and Mechanism," John 
W i l e y and S o n s , New Y o r k , Second E d i t i o n ( 1961 ) . 
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logari thms, . In, were used. The f i r s t - o r d e r rate constants ca lcu la ted by 
th i s method showed large dev ia t ions . Therefore, the dec i s ion was made to 
wri te a program f o r the Burroughs 5500 Computer to ca lcu la te the f i r s t -
order rate constant by as many d i f fe ren t mathematical methods as p o s s i b l e . 
A l l of the computer ca lcu la t ions were based on the four r e l a t i o n ­
ships given by Eqs. 1 6 through 19. The two re la t ionsh ips o f Eq. 17 and 
Eq. 18 could be derived d i r e c t l y from the simple f i r s t - o r d e r rate r e l a ­
t ionship of Eq. 1 6 . The l a s t r e l a t i onsh ip , o f 1 9 , was derived from Eq. 17. 
The re la t ionsh ip given by Eq. 1 8 was a general equation which could 
be derived from Eq. 17 i f there ex i s ted a l inear re la t ionsh ip between 
the measured phys ica l quanti ty, in our case the absorpt ion, and the con-
centra t ion of the reactant . The mathematical der iva t ion of Eq. 18 took 
in to account the cont r ibu t ion of the other compounds present and the con­
t r ibu t ion of the reac t ion medium to the physical property being measured. 
The l a t t e r two equations, Eq. 18 and Eq. 1 9 , were obtained from 
Eq. 1 6 and Eq. 17, r e s p e c t i v e l y , by subst i tu t ing the numerical values f o r 
two d i f fe ren t pai rs o f data points in to e i ther Eq. 1 6 or Eq. 17 and by 
subtract ing the two resu l t ing equations. In the i r general mathematical 
forms, the quant i t ies "A", "t" and n A ' " , " t" ' corresponded to the two 
d i f fe ren t pai rs o f absorption and time data points used in the c a l c u l a ­
t i o n . These equations ca lcula ted the s l o p e , equal t o the rate constant , 
of the l i n e between the two pai rs of data points s e l e c t e d . The pairs of 
data points which were used in the ca lcu la t ions were adjacent data p o i n t s , 
a l ternate (every other) pa i r o f data po in t s , and every pos s ib l e pa i r o f 
data p o i n t s . The use of Eq. 18 eliminated a l l dependence on the i n i t i a l , 
A T W T , absorpt ion va lues , while Eq. 1 9 eliminated a l l dependence on the 
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i n i t i a l a b s o r p t i o n v a l u e . The t h r e e r e l a t i o n s h i p s o f Eq. 1 6 , Eq. 1 7 and 
Eq. 1 9 were dependent on the i n i t i a l , on the i n i t i a l and i n f i n i t y , and 
on t h e i n f i n i t y a b s o r p t i o n v a l u e s , r e s p e c t i v e l y . Eq. 1 8 was no t d e ­
pendent on e i t h e r o f t h e s e q u a n t i t i e s . The apparent impor tance o f t h e i r 
dependence on t he i n i t i a l and i n f i n i t y a b s o r p t i o n v a l u e s i s d i s c u s s e d 
i n a subsequent s e c t i o n . 
kT = l n ( A I N T / A T ) (Eq . 1 6 ) 
kT = l n ( A I N F - A I N T ) / ( A I N F - A T ) (Eq . 1 7 ) 
k ( T - T ' ) : = l n ( A ' / A ) (Eq . 1 8 ) 
k ( T - T ' ) = l n ( A I N F - A ' ) / ( A I N F - A ) (Eq . 1 9 ) 
YJ I n (DIF) x 7 ] (LT) - N x V J l n ( D I F ) x (LT) 
KL = — — (Eq . 2 0 ) 
'( Z . L T ) 2 - N x X } ( L T ) 2 
b l ( Z ? L T ) x { Z J l n ( D I F ) x ( L T ) ) - C ( L T ) 2 x ^ l n ( D I F ) 
( 1 2 L T ) 2 - N x C ( L T ) 2 (Eq . 2 1 ) 
AL = KL x LT - BL (Eq . 2 2 ) 
The e l e v e n d i f f e r e n t mathemat ica l methods o f the program used t he 
f o u r e q u a t i o n s numbered 1 6 t h rough 1 9 as w r i t t e n and a l e a s t squares 
t r ea tment o f t he f o u r e q u a t i o n s t o g i v e the b e s t p o s s i b l e s t r a i g h t l i n e 
f o r the da ta p o i n t s which were g i v e n t he compute r . The g e n e r a l e q u a t i o n s 
u s e d t o c a l c u l a t e the l e a s t squares r a t e c o n s t a n t , KL, and t h e l e a s t 
squa res c o n s t a n t BL were g i v e n by Eq. 2 0 and and by Eq. 2 1 , r e s p e c t i v e l y . 
From the r e l a t i o n s h i p between KL and BL g i v e n by Eq. 2 2 , t he a b s o r p t i o n 
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v a l u e , A L , w h i c h c o r r e s p o n d e d t o t h e v a l u e n e c e s s a r y t o g i v e p e r f e c t 
a g r e e m e n t w i t h t h e l e a s t s q u a r e s t r e a t m e n t , w a s c a l c u l a t e d f o r e a c h t i m e 
t h a t w a s g i v e n t h e c o m p u t e r . 
T h e q u a n t i t i e s , D I F a n d L T , w h i c h a r e u s e d i n E q . 2 0 a n d E q . 2 1 , 
a r e m a t h e m a t i c a l v a r i a b l e s r e l a t e d t o t h e a b s o r p t i o n a n d t i m e v a l u e s , 
r e s p e c t i v e l y . T h e e x a c t m a t h e m a t i c a l f o r m s o f t h e s e t w o v a r i a b l e s d e ­
p e n d s o n t h e m e t h o d o f c a l c u l a t i o n u s e d , a n d t h e y a r e g i v e n i n t h e 
s u m m a r y o f t h e m e t h o d s . T h e q u a n t i t y N i s t h e n u m b e r o f d a t a p o i n t s u s e d 
i n t h e c a l c u l a t i o n . T h e c a p i t a l G r e e k l e t t e r s i g m a , Y] , i s a m a t h e m a t i c a l 
s y m b o l d e n o t i n g t h e s u m m a t i o n o f t h e q u a n t i t y i m m e d i a t e l y f o l l o w i n g o v e r 
a l l o f t h e d a t a p o i n t s . N a t u r a l l o g a r i t h m s , I n , a r e u s e d i n t h e c a l c u ­
l a t i o n s . A d e s c r i p t i o n o f e a c h m e t h o d f o l l o w s . 
( a ) L e a s t s q u a r e s t r e a t m e n t o f E q . 1 7 f o r e a c h d a t a p o i n t ) D'J S 
( A j ^ p - A r p ) , L T = T . 
( b ) L e a s t s q u a r e s t r e a t m e n t o f E q . 1 9 f o r p a i r s o f a d j a c e n t p o i n t s 
p l u s p a i r s o f a l t e r n a t e ( e v e r y o t h e r ) p o i n t s , D I F = ( A j ^ p - A ' ) / ( A j j j p - A ) , 
L T = ( T - T T ) . 
( c ) T h e a v e r a g e o f a l l t h e r a t e c o n s t a n t s c a l c u l a t e d b y E q . 1 9 a n d 
u s i n g p a i r s o f a d j a c e n t p o i n t s p l u s p a i r s o f a l t e r n a t e ( e v e r y o t h e r ) 
p o i n t s . 
( d ) T h e a v e r a g e o f a l l t h e r a t e c o n s t a n t s c a l c u l a t e d b y E q . 1 7 f o r 
e a c h d a t a p o i n t . 
( e ) T h e a v e r a g e o f a l l t h e r a t e c o n s t a n t s c a l c u l a t e d b y E q . 1 6 f o r 
e a c h d a t a p o i n t . 
( f ) L e a s t s q u a r e s t r e a t m e n t o f E q . 1 6 f o r e a c h d a t a p o i n t , D I F = 
A I N F / A T , L T = T , 
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( g ) L e a s t squares t r e a t m e n t o f Eq . 18 and u s i n g e v e r y p o s s i b l e 
p a i r o f data p o i n t s , DIF = A ' / A , LT = ( T - T 1 ) . 
(h ) The a v e r a g e o f a l l t h e r a t e c o n s t a n t s c a l c u l a t e d by Eq . 18 
and u s i n g e v e r y p o s s i b l e p a i r of data p o i n t s . 
( i ) Same method as (h ) e x c e p t t h a t o n l y p a i r s o f a d j a c e n t s a r e u s e d , 
( j ) Same method as ( h ) e x c e p t t h a t o n l y e v e r y o t h e r p a i r o f data 
p o i n t s i s u s e d . 
( k ) L e a s t squares t r e a t m e n t o f Eq. 18 u s i n g p a i r s o f a d j a c e n t p o i n t s 
p l u s p a i r s o f a l t e r n a t e ( e v e r y o t h e r ) p o i n t s , DIF = A ' / A , LT = ( T - T ' ) » 
These methods f o r c a l c u l a t i n g t h e r a t e c o n s t a n t can be d i v i d e d i n t o 
t h r e e groups a c c o r d i n g t o t h e i r dependence on t h e i n i t i a l and i n f i n i t y a b ­
s o r p t i o n v a l u e s . The f i r s t t h r e e methods depend on t h e i n f i n i t y v a l u e 
o n l y , t h e f o u r t h depends on both t h e i n f i n i t y and i n i t i a l v a l u e s , t h e 
f i f t h and s i x t h depend on t h e i n i t i a l v a l u e s ; and t h e l a s t f i v e methods 
depend on n e i t h e r t h e i n f i n i t y nor t h e i n i t i a l v a l u e s . 
Each o f t h e s i m p l e r e l a t i o n s h i p s which a r e g i v e n by E q s . 17 through 
19 a l s o have t h e i r i n h e r e n t d i s a d v a n t a g e s . The s i m p l e f i r s t - o r d e r r e l a t i o n ' 
s h i p which i s g i v e n by Eq . 16 p l a c e s emphasis on t h e i n i t i a l r e a d i n g and , 
t h e r e f o r e , i t i s not a c c u r a t e when A^ i s n e a r l y e q u a l t o A - j - ^ o r when A^ 
i s v e r y s m a l l . The methods g i v e n by Eq. 18 and by Eq . 19 c a l c u l a t e t h e 
r a t e c o n s t a n t from p a i r s o f data p o i n t s , and , when t h e y a r e u s e d o v e r a l l 
of t h e data p o i n t s , then t h e y w i l l g i v e an average r a t e c o n s t a n t which 
approaches a v a l u e which would be c a l c u l a t e d i f o n l y t h e i n i t i a l and i n ­
f i n i t y da ta p o i n t s were u s e d . - However, t h e i n i t i a l and i n f i n i t y data 
p o i n t s a r e t h e l e a s t a c c u r a t e . When Eq . 17 i s u s e d t o c a l c u l a t e a r a t e 
c o n s t a n t f o r each data p o i n t , then t h e s e l e a s t a c c u r a t e data p o i n t s a r e 
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a g a i n emphas ized . Of c o u r s e , when Eq. 1 7 i s u sed i n the u s u a l g r a p h i c a l 
method o f p l o t t i n g ln (A - j -^ -Arp) v e r s u s the t i m e , then much o f t h i s d e ­
pendence i s e l i m i n a t e d . 
In a d d i t i o n t o c a l c u l a t i n g the r a t e c o n s t a n t s by t he d i f f e r e n t 
methods , the program c a l c u l a t e s the h a l f - l i f e i n the u n i t s o f s e c o n d s , 
minutes and hours and a l s o the s tandard d e v i a t i o n s o f each r a t e c o n s t a n t . 
A f t e r the computer c a l c u l a t e s the l e a s t squares r a t e c o n s t a n t by Method 
( a ) , then t h e l e a s t squares a b s o r p t i o n v a l u e , AL, i s c a l c u l a t e d by Eq. 
2 2 . The d i f f e r e n c e between the c a l c u l a t e d , AL, and the e x p e r i m e n t a l 
a b s o r p t i o n , Arp, v a l u e s i s de t e rmined . The computer then p r i n t s the 
e x p e r i m e n t a l t ime and the e x p e r i m e n t a l a b s o r p t i o n v a l u e , t he c a l c u l a t e d 
a b s o r p t i o n v a l u e and the d i f f e r e n c e between the two a b s o r p t i o n v a l u e s 
f o r each data p o i n t g i v e n the compute r . A f t e r the ave rage r a t e c o n s t a n t s 
a re c a l c u l a t e d by Methods ( d ) and ( e ) , then the d i f f e r e n c e between the 
average r a t e c o n s t a n t and the r a t e c o n s t a n t c a l c u l a t e d f o r each e x p e r i ­
mental da ta p o i n t i s de t e rmined . The v a l u e s f o r each o f t h e s e q u a n t i t i e s 
a re p r i n t e d . Comparisons o f a l l o f t h e s e v a l u e s show which e x p e r i m e n t a l 
da ta p o i n t s a re i n p o o r agreement . 
Expe r imen ta l P rocedure Seek ing Ev idence f o r Complex Format ion 
E v i d e n c e f o r complex f o r m a t i o n was sought by r e c o r d i n g the n u c l e a r 
magnet ic r e s o n a n c e and u l t r a v i o l e t s p e c t r a o f t he two r e a c t a n t s and a l s o 
o f t he mix tu re s o f t he two r e a c t a n t s and by p e r f o r m i n g a l i m i t e d number 
o f k i n e t i c e x p e r i m e n t s . 
The n u c l e a r magne t ic r e s o n a n c e exper imen t s were pe r fo rmed by r e ­
c o r d i n g the s p e c t r a o f the c o m p l e x i n g r e a g e n t and o f t he d iazon ium s a l t 
i n a c e t o n e - d ^ s e p a r a t e l y , u s i n g t e t r a m e t h y l s i l a n e as the r e f e r e n c e . A 
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p o t e n t i a l c o m p l e x i n g r e a g e n t was added t o t he s o l u t i o n o f the d iazon ium 
s a l t , and the spec t rum o f t h i s s o l u t i o n was r e c o r d e d w i t h t he Va r i an A - 6 0 
i n s t rumen t . 
The u l t r a v i o l e t s p e c t r a s t u d i e s c o n s i s t e d o f c a r e f u l l y making up 
s o l u t i o n s o f t he d iazon ium s a l t s and o f the c o m p l e x i n g r eagen t i n a q u e o u s , 
monobas ic p o t a s s i u m phospha te b u f f e r e d s o l u t i o n s . A f t e r r e c o r d i n g the 
s p e c t r a o f t he two r e a c t a n t s , e q u a l vo lumes o f t h e two s o l u t i o n s were 
mixed , and the spec t rum o f t he mix tu re was r e c o r d e d w i t h t he Cary 14 
s p e c t r o p h o t o m e t e r . Th i s spec t rum was compared w i t h t he one o b t a i n e d by 
m e c h a n i c a l l y add ing t he s p e c t r a o f t h e two r e a c t a n t s i n the s e p a r a t e 
s o l u t i o n s . 
Exper iments which were d e s i g n e d t o de te rmine the e f f e c t o f t h e d i f ­
f e r e n t b u f f e r s ( p h o s p h o r i c a c i d , a c e t i c a c i d , monobas ic p o t a s s i u m p h o s ­
p h a t e ) and o f p o t a s s i u m i o d i d e i n monobas ic p o t a s s i u m phospha te b u f f e r e d 
s o l u t i o n were pe r fo rmed by making up s o l u t i o n s o f the d iazon ium s a l t s , 
by r e c o r d i n g t h e i r s p e c t r a and by c a l c u l a t i n g t h e molar e x t i n c t i o n c o ­
e f f i c i e n t s o f the d iazon ium s a l t s . 
The k i n e t i c exper imen t s were pe r fo rmed a c c o r d i n g t o P rocedu re I V , 
e x c e p t t ha t t h e p o t e n t i a l c o m p l e x i n g r e a g e n t was added t o t h e s o l u t i o n . 
M i s c e l l a n e o u s R e a c t i o n s 
The m i s c e l l a n e o u s r e a c t i o n s o f t he d i azon ium s a l t s c o n s i s t e d o f 
the r e a c t i o n s w i t h 3 - a z a b i c y c l o ( 3 . 2 . 2 . ) n o n a n e , w i t h p o t a s s i u m i o d i d e and 
w i t h hydrogen p e r o x i d e . 
The r e a c t i o n o f the d iazon ium s a l t w i t h t he b i c y c l i c compound was 
pe r fo rmed by d i s s o l v i n g 5 . 0 0 x 1 0 " - ' mole o f the 3 - a z a b i c y c l o ( 3 . 2 . 2 . ) n o -
nane i n 5 0 m l . o f d ry methanol and by add ing t o t h i s s o l u t i o n 5 . 0 0 x 1 0 
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mole o f t he d i azon ium s a l t . T h i s s o l u t i o n was a l l o w e d t o s tand a t room 
tempera ture f o r t h i r t y minu t e s . The p r e c i p i t a t e was c o l l e c t e d by f i l t r a ­
t i o n and washed w i t h an a d d i t i o n a l 10 ml . o f me thano l . A f t e r the p r o d u c t 
was d r i e d under vacuum, the n u c l e a r magne t ic r e s o n a n c e s p e c t r a o f the 
t r i a z e n e s were r e c o r d e d . 
The r e a c t i o n w i t h p o t a s s i u m i o d i d e was pe r fo rmed by d i s s o l v i n g 
o - 2 
1.00 x 10 mole o f t h i s r eagen t and 1.00 x 10 mole o f monobas ic p o ­
t a s s i u m phospha te i n 100 ml . o f wa te r and b y add ing t o t h i s s o l u t i o n 
_3 
5 .00 x 10 mole o f t he d i azon ium s a l t . A f t e r t h i s s o l u t i o n s t o o d a t 
room tempera ture f o r t h i r t y m i n u t e s , the s u b s t i t u t e d i o d o b e n z e n e was 
c o l l e c t e d by f i l t r a t i o n . 
The r e a c t i o n w i t h aqueous 30 p e r c e n t hydrogen p e r o x i d e s o l u t i o n 
was c a r r i e d ou t by d i s s o l v i n g 5 . 0 0 x 10"^ mole o f t he d iazon ium s a l t and 
1.00 x 10 mole o f monobas ic p o t a s s i u m phospha te i n 50 ml . o f wate r and 
by add ing t o t h i s s o l u t i o n 5 ml . o f 30 p e r c e n t hydrogen p e r o x i d e s o l u t i o n . 
The r e s u l t i n g s o l u t i o n was a l l o w e d t o s tand a t room tempera ture f o r one 
h o u r . The s o l i d formed b y t h i s r e a c t i o n was c o l l e c t e d by f i l t r a t i o n and 
was washed w i t h a c e t o n e . From t h i s wash ing , a w h i t e s o l i d was c o l l e c t e d 
which d i d no t me l t up t o 250° C and was no t s o l u b l e i n the common o r g a n i c 
s o l v e n t s . The e v a p o r a t i o n o f t h e a c e t o n e a f f o r d e d a dark brown v i s c o u s 
l i q u i d . 
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CHAPTER V I 
EXPERIMENTAL RESULTS 
P h y s i c a l C o n s t a n t s f o r t h e D i a z o n i u m S a l t s a n d C o m p l e x i n g R e a g e n t s 
T a b l e 2 s u m m a r i z e s t h e p o s i t i o n o f t h e a b s o r p t i o n maxima a n d t h e i r 
m o l a r e x t i n c t i o n c o e f f i c i e n t s i n m o n o b a s i c p o t a s s i u m p h o s p h a t e b u f f e r e d 
a q u e o u s s o l u t i o n s , f o r t h e e x p e r i m e n t a l a n d t h e l i t e r a t u r e m e l t i n g p o i n t s ' * 
f o r t h e f i v e d i a z o n i u m s a l t s w h i c h w e r e u s e d i n o u r k i n e t i c s t u d i e s , a n d 
f o r t h e t w o a d d i t i o n a l d i a z o n i u m s a l t s w h i c h w e r e u s e d i n o u r s t u d i e s 
s e e k i n g e v i d e n c e f o r c o m p l e x f o r m a t i o n . 
T a b l e 3 s u m m a r i z e s t h e e x p e r i m e n t a l y i e l d s a n d m e l t i n g p o i n t s f o r 
t h e i n v e s t i g a t i o n o f o u r a l k y l a t i o n a n d d e c a r b o x y l a t i o n p r o c e d u r e s . T h e 
d e c a r b o x y l a t i o n p r o c e d u r e d i d n o t y i e l d s a t i s f a c t o r y r e s u l t s f o r s o m e o f 
t h e a m i n e s a n d , t h e r e f o r e , d a t a a r e n o t p r e s e n t e d f o r t h e s e a t t e m p t e d d e ­
c a r b o x y l a t i o n s . 
T h e p o s i t i o n s o f t h e a b s o r p t i o n m a x i m a a n d t h e i r e x t i n c t i o n c o e f ­
f i c i e n t s a r e s u m m a r i z e d i n T a b l e 4 f o r t h e t w o t e r t i a r y a m i n e s w h i c h w e r e 
p r e p a r e d b y o u r a l k y l a t i o n - d e c a r b o x y l a t i o n p r o c e d u r e , f o r 4 - n i t r o d i m e t h y l -
a n i l i n e , a n d f o r t h e B a k e r A n a l y z e d G r a d e p o t a s s i u m i o d i d e . 
S t u d i e s w i t h TMPD 
I n C h a p t e r I V , t h e o r i g i n a l , g e n e r a l p u r p o s e o f t h i s w o r k w a s s t a t e d 
8 7 D . Y . C u r t i n a n d J . L . T u e t o n , J . O r g . C h e m . . 2 6 , 1 7 9 4 0 9 6 1 ) . 
R o e , " O r g a n i c R e a c t i o n , " J o h n W i l e y a n d S o n s , New Y o r k , v o l . 5 , 
p . 1 9 8 . 
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T a b l e 2 
The P h y s i c a l Cons tan ts f o r t he Diazonium S a l t s 
Diazonium S a l t , 
A b s o r p t i o n Maximum M e l t i n g P o i n t s i n °C 
Where R- i s , P o s i t i o n E x t i n c t i o n E x p e r i m e n t a l , R e f . 8 7 , R e f . 88 
M i l l i - C o e f f i c i e n t , 
m i c r o n s , e . 
mu. 
H-
0 2 N -












1 2 , 4 0 0 
16 ,600 
2 3 , 6 0 0 
1 7 , 0 0 0 
1 5 , 6 0 0 
1 7 , 6 0 0 
12 ,500 
1 0 9 . 5 - 1 1 0 . 5 1 0 0 
1 5 6 . 5 - 1 5 7 . 0 1 5 4 
1 4 6 . 4 - 1 4 7 . 7 1 4 2 
1 3 9 . 0 - 1 3 9 . 5 139 
1 1 2 . 5 - 1 1 3 . 5 — 
1 3 2 . 0 - 1 3 3 . 0 
1 0 0 
1 5 6 
1 3 9 
1 1 0 
1 3 3 
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T a b l e 3 
Data f o r A l k y l a t i o n and D e c a r b o x y l a t i o n R e a c t i o n s 
The Amine, R - < ^ ^ > - N H 2 , and the 2 - C h l o r o a l i p h a t i c a c i d R ' H C ( C l ) C 0 2 H . 
Where A l k y l a t i o n D e c a r b o x y l a t i o n 
R - i s , and R ' - i s , y i e l d , m e l t i n g y i e l d m e l t i n g 
p e r c e n t p o i n t , °C p e r c e n t p o i n t , °C 
C R " 3 0 - H - 8 0 7 7 - 8 2 4 5 4 3 . 8 - 4 4 - 8 
N H 2 - H - 5 5 1 6 5 - 1 6 7 5 2 5 1 . 0 - 5 2 . 0 
H - H - 2 5 6 6 - 6 8 
C l - H - 5 0 8 5 - 9 0 
C H 3 - H - 5 5 1 2 8 - 1 3 0 
N H 2 - C H 3 - 3 0 1 8 5 - 1 9 2 
C H J 3 - C H o - 3 5 1 8 5 - 1 9 0 
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T a b l e / , 
The P h y s i c a l Cons tan ts f o r the Complexing Reagents 
Complexing Reagent A b s o r p t i o n P o s i t i o n , E x t i n c t i o n 
m i l l i m i c r o n s , mu. C o e f f i c i e n t , e 
KI 2 2 6 1 7 , 7 0 0 
G H 3 ° " C 3 ) " N ( 2 2 7 5 
0 2 N - < ^ ^ ) - N ( C H 3 ) ; 2 2 5 
4 - 2 5 
8 6 0 
4 - 8 5 
8 3 0 




( H 3 C ) 2 N - < ^ ) - N ( C H 3 ) : 
( R a d i c a l - c a t i o n , 
W u r s t e r ' s Blue C a t i o n ) 
(+) 
2 6 0 
3 2 2 
5 6 0 
6 1 0 
1 2 , 5 0 0 
1 2 , 0 0 0 
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t o be the s t u d y o f t he r e a c t i o n between TMPD and the d iazon ium s a l t s . 
More s p e c i f i c a l l y , the f i r s t expe r imen t s were d e s i g n e d t o de te rmine i f 
c o n d i t i o n s c o u l d be found under which a s t o i c h i o m e t r i c r e a c t i o n o c c u r s 
between the d iazon ium s a l t s and TMPD. A d i g e s t o f the r e s u l t s c o n c e r n i n g 
the s t o i c h i o m e t r y o f t h e r e a c t i o n i s g i v e n i n Tab le 5 i n terms o f the 
r a t i o o f t h e maximum c o n c e n t r a t i o n o f the r a d i c a l c a t i o n p roduced t o the 
i n i t i a l c o n c e n t r a t i o n o f the d i azon ium s a l t , (Rad. ) / ( D i a z . ) . The l a s t 
column g i v e s t he range o f v a l u e s f o r which t h i s s t o i c h i o m e t r y was i n v e s ­
t i g a t e d i n terms o f t he r a t i o o f t he i n i t i a l c o n c e n t r a t i o n s o f the two 
r e a c t a n t s . I f a range o f v a l u e s i s no t g i v e n , t he v a l u e s r e p r e s e n t o n l y 
one e x p e r i m e n t . 
S i n c e t he e x p e r i m e n t a l r e s u l t s which a re g i v e n i n Tab le 5 f a i l e d t o 
d e f i n e r e a c t i o n c o n d i t i o n s under which d iazon ium i o n s a re r educed by TMPD 
w i t h c l e a n s t o i c h i o m e t r y , k i n e t i c s t u d i e s o f the r a t e o f r a d i c a l p r o d u c ­
t i o n were under taken i n an a t tempt t o i s o l a t e s e p a r a t e e v e n t s i n the 
complex c h a i n o f r e a c t i o n s . 
A l l o f the s t u d i e s between t h e s e two r e a c t a n t s i n b u f f e r e d , aqueous 
s o l u t i o n showed an immedia te , r a p i d , i n i t i a l r e a c t i o n which was u s u a l l y 
c o m p l e t e w i t h i n t e n s e c o n d s a f t e r m i x i n g . A f t e r t h i s r a p i d , i n i t i a l r e ­
a c t i o n , a s e c o n d , s l o w e r r e a c t i o n t o o k p l a c e t o g i v e , u s u a l l y , a maximum 
c o n c e n t r a t i o n o f t he r a d i c a l . As our e f f o r t s t o deoxygena t e and t o e x ­
c l u d e o t h e r t r a c e i m p u r i t i e s f rom the s o l u t i o n improved , b o t h t he i n i t i a l 
and the maximum c o n c e n t r a t i o n o f the r a d i c a l , T M P D ^ , d e c r e a s e d , but the 
same g e n e r a l b e h a v i o r was a lways o b s e r v e d . Tab le 6 summarizes the r e s u l t s 
o f some o f t he i n d i v i d u a l e x p e r i m e n t s . T h i s t a b l e g i v e s t he r a t i o o f 
( R a d . ) / ( D i a z . ) a t t h e i n i t i a l mix ing o f t he r e a c t a n t s and a f t e r t he 
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T a b l e 5 
S t o i c h i o m e t r i c S t u d i e s b e t w e e n T M P D a n d D i a z o n i u m S a l t s 
P r o c e d u r e B u f f e r ( R a d . ) / ( D i a z . ) ( A m i n e ) / ( D i a z . ) 
m i n i m u m m a x i m u m 
4 - N i t r o b e n z e n e d i a z o n i u m T e t r a f l u o r o b o r a t e 
I KHP 1 . 0 
I n o n e 2 . 0 
I I KHP 0 . 4 2 
I V K H 2 P 0 4 ° ' 5 5 
4 - M e t h o x y b e n z e n e d i a z o n i u m T e t r a f l u o r o b o r a t e 
I KHP 2 . 0 
I n o n e 3 . 0 
I I I M 2 ? 0 ^ ° - 5 4 
I V K H P O . 1 . 6 5 
2 4 
B e n z e n e d i a . z o n i u m T e t r a f l u o r o b o r a t e 
I KHP 0 . 8 4 
I n o n e 1 . 0 
I I I KHoPOy 0 . 5 1 
I V KH^PO, 0 . 6 0 
(L 4 
4 - C h l o r o b o n z e n e d i a z o n i u m T o t r a f l u o r o b o r a t e 
I KI1F 1 . : 
I n o n e 1 . 9 
3 . 0 
3 . 0 
1 . 5 
3 . 4 
6 . 0 
1 0 . 0 
4 . 0 
4 . 0 
6 . 0 
1 0 . 0 
1 . 7 
1 0 . 0 
5 3 . 0 
2 0 . 0 
8 . 0 
6 . 0 
3 . 8 
1 5 . 0 
2 5 . 0 
3 0 . 0 
1 5 . 0 
5 1 . 0 
1 5 . 0 
3 0 . 0 
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T a b l e 6 
T i m e S t u d i e s f o r t h e A p p e a r a n c e o f t h e R a d i c a l - c a t i o n 
P r o c e d u r e B u f f e r ( R a d . ) / ( D i a z . ) 
I n i t i a l L a t e r *•*' T i m e i n H o u r s 
4 - N i t r o b e n z e n e d i a z o n i u m T e t r a f l u o r o b o r a t e
 s ? 
I I n o n e 0 . 5 0 1 . 0 0 3 
I I n o n e 0 . 2 5 0 . 5 0 3 
I I n o n e 0 . 2 1 0 . 7 0 1 1 
I V K H 2 P 0 4 ° - 2 6 0 , 6 2 3 0 * 
I V K ^ 1 ^ ° - 2 9 0 - 4 8 2 5 * 
4 - M e t h o x y b e n z e n e d i a z o n i u m T e t r a f l u o r o b o r a t e 
I I I K H 2 P % ° - ^ 8 7 * 
I V 1 1 * 6 5 2 * 
B e n z e n e d i a z o n i u m T e t r a f l u o r o b o r a t e 
I I n o n e 0 . 2 7 0 . 7 7 1 2 
I I n o n e 0 . 1 6 1 . 0 0 9 
I I I m 2 ? 0 / , 0 , / + 1 0 , 5 1 1 0 
I V K H Q P 0 y 0 . 0 1 8 0 . 4 1 5 
* 4 
I V K H 2 P 0 4 ° ' 5 7 ° - 6 2 ^ * 
I V m2?0U 0 . 5 7 1 6 4 
4 - C h l o r o b e n z e n e d i e z o n i u m T e t r a f l u o r o b o r a t e 
I I n o n e 0 . 6 6 0 . 9 4 7 
I I n o n e 0 . 4 2 0 . 5 6 1 0 
^ M a x i m u m c o n c e n t r a t i o n o f t h e r a d i c a l w a s o b s e r v e d . 
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reactants had been allowed to react for the time stated in the last column. 
If the ratio at the time stated represents a maximum for the particular 
study, an asterisk appears beside this time. 
One series of experiments was performed by adding the 4-methoxyben-
zenediazonium salt to a solution of the oxidized amine, TMPD^CIO^"), 
according to Procedure I . The results showed that the concentration of 
the radical decreased with increasing concentration of the diazonium sal t . 
Kinetic and Product Studies 
Simultaneously with the TKPD studies, other experiments were per­
formed in the absence of the amine so that the rate of appearance of the 
radical cation could be compared with the rate of decomposition of the 
diazonium salts under the same experimental conditions. I t quickly be­
came apparent from these studies that both the products observed and the 
mte of decomposition of the diazonium salts are very dependent upon the 
exact experimental conditions. Accordingly, more than 80 experiments 
were performed in the absence of the amine in the hope of refining the 
reaction medium and of determining the influence of the various other 
factors. 
The data from these experiments were analyzed s tat i s t ica l ly with a 
computer to determine i f meaningful rate constants could be calculated. 
The products were identified by their ultraviolet absorption spectra, 
measured on the samples used for kinetic runs after the reaction was com­
pleted. In some cases these results were verified by preparative scale 
product isolations. 
Except for the unsubstituted and the 4-methylbenzenediazonium tetra-
fluoroborate, the rate constants calculated on the Burroughs 5500 computer 
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w e r e n o t r e p r o d u c i b l e . I n p r e f e r e n c e t o c i t i n g t h e m o r e t h a n 8 8 0 c a l c u ­
l a t e d r a t e c o n s t a n t s , o n l y e x a m p l e s w i l l b e g i v e n i n T a b l e s 7 - 1 0 . E m p h a ­
s i s i s p l a c e d o n t h e i m p o r t a n t c o n c l u s i o n s w h i c h c a n b e d r a w n f r o m t h e 
o b s e r v e d p r o d u c t s a n d f r o m t h e i n f l u e n c e o f t h e r e a c t i o n m e d i u m o n t h e 
c o u r s e o f t h e r e a c t i o n . 
T h e r a t e c o n s t a n t s g i v e n i n T a b l e s 7 - 1 0 f o r t h e d e c o m p o s i t i o n o f 
t h e d i a z o n i u m s a l t s i n a q u e o u s , b u f f e r e d s o l u t i o n w e r e d e r i v e d f r o m e x ­
p e r i m e n t s p e r f o r m e d a c c o r d i n g t o P r o c e d u r e I V . T h e l e t t e r s r e f e r t o t h e 
m a t h e m a t i c a l m e t h o d u s e d t o c a l c u l a t e t h e r a t e c o n s t a n t . T h e s e m e t h o d s 
h a v e b e e n d e s c r i b e d i n C h a p t e r V . 
E a c h d i a z o n i u m s a l t r e s p o n d e d d i f f e r e n t l y t o a p a r t i c u l a r r e a c t i o n 
m e d i u m , a n d , t h e r e f o r e , t h i s i n f l u e n c e i s d i s c u s s e d s e p a r a t e l y f o r e a c h 
d i a z o n i u m s a l t . 
B o t h t h e p r o d u c t s a n d t h e r a t e c o n s t a n t s w h i c h w e r e o b t a i n e d w i t h 
t h e d e c o m p o s i t i o n o f t h e 4 - n i t r o b e n z e n e d i a z o n i u m t e t r a f l u o r o b o r a t e d e p e n d 
o n t h e b u f f e r , o n t h e t r a c e i m p u r i t i e s , a n d o n o t h e r c o m p o u n d s w h i c h a r e 
p r e s e n t i n s o l u t i o n . 
T h e d e p e n d e n c e o n t h e b u f f e r i s s h o w n b y t h e o b s e r v e d p r o d u c t s w h e n 
t h i s d i a z o n i u m s a l t i s a l l o w e d t o d e c o m p o s e i n t w o d i f f e r e n t , b u f f e r e d , 
d e o x y g e n a t e d , a q u e o u s s o l u t i o n s . T h e p r o d u c t s a r e 4 - n i t r o p h e n y l a c e t a t e 
a n d 4 - n i t r o p h e n o l w h e n e q u i m o l a r c o n c e n t r a t i o n s o f s o d i u m a c e t a t e - a c e t i c 
a c i d a n d m o n o b a s i c p o t a s s i u m p h o s p h a t e a r e u s e d a s t h e b u f f e r r e a g e n t s , 
r e s p e c t i v e l y . 
T h e r a t e p l o t s f o r t h e d e c o m p o s i t i o n o f 4 - n i t r o b e n z e n e d i a z o n i u m 
t e t r a f l u o r o b o r a t e s h o w e d l a r g e d e v i a t i o n s w h e n P r o c e d u r e I I I w a s u s e d . 
S i n c e t h i s b e h a v i o r c o u l d b e e x p l a i n e d b y t h e d e c o m p o s i t i o n o f t h e 
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T a b l e 7 
K i n e t i c Rate C o n s t a n t s f o r t h e Decompos i t i on o f Benzenediazonium 
T e t r a f l u o r o b o r a t e a t 3 0 . 0 + 0 . 0 1 ° C 
Rates a r e x 10""^ s e c . 
M a t h e m a t i c a l B u f f e r 
Method 
HOAc-NaOAc, HOAc-NaOAc, KH 2 P0 / 
0 . 1 M 0 . 0 1 M 0 . 1 M 
a 1 .-2L 1 .-15 0.-97 0.-96 0.-84 0.-61 
b 1 . 2 4 1.02 1.02 0 . 9 6 0 . 9 2 0 . 5 8 
c 1.23 1.26 0 .95 1.13 0 . 8 3 0 . 7 3 
d 1.37 1.28 1 . U 0 . 9 6 0 . 9 4 0 . 8 6 
e 1.00 0 . 9 7 0 . 8 7 0 . 7 9 0 . 6 4 0 . 6 7 
f 0 . 6 7 0 . 7 0 0 . 6 7 0 . 6 5 0 . 5 0 0.31 
g 0 . 6 9 0 . 7 0 0 . 6 4 0 .65 0 .51 0.31 
h 0 . 6 8 0.71 0 . 6 4 0 . 7 2 0 . 5 5 0 . 5 2 
i 0 . 6 9 0 . 6 9 0 . 6 2 0 . 7 7 0 . 7 3 0 . 5 9 
j 0 . 6 9 0 . 7 0 0 . 6 4 0 . 7 9 0 . 5 2 0 . 5 6 
k 0 . 6 7 0 .61 0 . 6 5 0 . 6 3 0 . 5 4 0 . 2 6 
K H 2 P 0 ^ , K H 2 P 0 ^ , KH 2 P0^ 
0 . 1 M 0 . 1 M 0 . 0 1 M 
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T a b l e 8 
K i n e t i c Rate Cons tan t s f o r the D e c o m p o s i t i o n o f 4 -Methy lbenzened iazon ium 
T e t r a f l u o r o b o r a t e a t 3 0 . 0 + 0 . 0 1 ° C 
-5 -1 
Rates a re x 10 s e c . 
Mathemat ica l B u f f e r 
Method 
HOAc-NaOAc, HOAc-NaOAc, KH 2 P0^, Kh^PO^, KH ?P0^ 
0.1 M 0.01 M 0.1 M 0.1 M 0.01 M 
a 1 . 04 1 .10 
b 1.05 1.17 
c 1.06 1.18 
d 1 .21 1 .26 
e 0 . 9 9 1.06 
f ' ' 0 . 6 4 0 . 7 8 
g 0 . 6 4 0 . 7 8 
h 0 . 7 4 0 . 8 4 
i 0 . 7 8 0 . 9 5 
0 . 7 6 0 . 8 2 
k 0 .51 0 .71 
1.26 1.00 1.32 
1.56 0 . 9 0 1 . 30 
0 . 2 3 0 . 9 9 1 ,22 
2 .11 0 . 8 5 1.90 
1.64 0 . 7 6 1 . 6 4 
0 . 8 9 0 . 8 0 0 . 9 0 
1.11 0 . 8 0 0 . 9 0 
1 . 4 5 0 . 8 0 0 . 9 3 
1.97 0 .91 1.00 
1.65 0 . 7 9 0 . 9 5 
1 .22 0 . 6 9 0 . 2 0 
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T a b l e 9 
K i n e t i c Rate Cons tan ts f o r the D e c o m p o s i t i o n o f t he 
4 - N i t r o b e n z e n e d i a zonium T e t r a f l u o r o b o r a t e a t 3 0 . 0 + 0 . 0 1 ° C 
c _1 
Ra tes a re x 10"- 5 s e c . 
Mathemat ica l B u f f e r 
Methods 
HOAc-NaOAc, HOAc-NaOAc, HOAc-NaOAc, KH 2P0^, KH 2 P0^, KHgPO^ 
0.1 M 0.01 M 0.01M 0.1 M 0,01 M 0.01 M 
a 2 . 0 8 3 . 3 4 0 . 4 7 0 . 5 5 0 . 4 5 0 . 1 5 
b 1.41 2 .81 O . 4 6 0.11 0 . 6 9 0 . 1 6 
c 1.55 4 . 1 4 0 .32 7 . 2 6 0 . 3 7 0 . 2 7 
d 0 .51 2 . 2 2 0 . 4 0 4 - 5 2 0 . 3 8 0 . 5 7 
e 0 . 3 5 1.69 0 . 3 0 2 . 4 2 0 . 2 4 0 . 3 5 
f 1.29 1.99 0 . 2 3 0 . 1 4 0 . 1 9 0 . 0 7 
g 1 . 2 9 2 . 0 2 0 . 2 3 0 . 1 4 0 . 1 9 0 . 0 7 
h 1.07 2 . 9 6 0 . 2 2 2 . 3 9 0 . 1 9 0 . 1 2 
i 1.00 3 . 3 9 0 . 2 6 4 . 5 3 0 . 2 3 0 . 1 7 
1.06 3 . 2 2 0 . 2 2 4 . 2 7 0 . 2 0 0 . 1 4 
k 0 . 8 4 1 . 4 2 0 . 1 9 0 . 0 5 8 0 . 0 9 5 0 . 0 8 2 
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T a b l e 1 0 
K i n e t i c Rate Cons tan t s f o r t he D e c o m p o s i t i o n o f t h e 
4 -Methoxybenzened iazon ium T e t r a f l u o r o b o r a t e a t 3 0 . 0 + 0 . 0 1 ° C 
Rates a re x 1 0 ~ ° s e c . 
Mathemat ica l B u f f e r 
Methods 
HOAc-NaOAc, HOAc-NaOAc, K&J0^ K H 2 P ° 4 
0 . 1 M 0 . 0 1 M 0 . 1 M 0 . 0 1 M 
O . 8 4 0 . 7 5 0 . 7 8 0 . 8 1 
b 0 . 2 0 1 . 1 4 0 . 3 3 1 . 1 3 
c 0 . 8 7 O . 4 6 1 . 0 2 0 . 8 9 
d 2 . 3 7 0 . 0 5 1 . 5 3 2 . 1 4 
e 2 . 2 6 0 . 0 5 1 . 2 7 1 . 4 1 
f 0 . 8 0 0 . 5 4 0 . 6 3 0 . 4 9 
g 0 . 8 0 0 . 5 4 0 . 6 3 0 . 4 9 
h 0 . 9 5 0 . 5 8 0 . 7 4 0 . 6 5 
i 2 . 0 4 0 . 7 0 1 . 1 6 1 . 1 9 
J 0 . 8 6 0 . 5 8 0 . 7 2 0 . 7 0 
k 0 . 1 8 0 . 5 5 0 . 2 6 0 . 4 0 
1U 
d i a z o n i u m s a l t i n t h a t t h e s a l t w a s s e n s i t i v e t o t h e o x y g e n p r e s e n t , we 
d e t e r m i n e d t h e r a t e c o n s t a n t s f o r a s o l u t i o n w h i c h h a d b e e n d e g a s s e d 
a c c o r d i n g t o P r o c e d u r e I V a n d f o r t h e s a m e s o l u t i o n t h r o u g h w h i c h c o m ­
p r e s s e d a i r h a d b e e n p a s s e d . T h e r a t i o s o f t h e r a t e c o n s t a n t s i n t h e 
p r e s e n c e a n d a b s e n c e o f a i r w e r e 5 . 0 a n d 7 0 . 0 f o r t h e a c e t a t e e n d 
p h o s p h a t e b u f f e r s , r e s p e c t i v e l y . T o f u r t h e r t e s t t h i s s e n s i t i v i t y t o 
o x y g e n a n d o x i d i z i n g a g e n t s , 5 m l . o f 3 0 p e r c e n t h y d r o g e n p e r o x i d e 
s o l u t i o n w e r e a d d e d t o 5 0 m l . o f a p h o s p h a t e - b u f f e r e d s o l u t i o n . I m ­
m e d i a t e l y f o l l o w i n g t h e a d d i t i o n o f t h e h y d r o g e n p e r o x i d e s o l u t i o n , a 
r a p i d r e a c t i o n o c c u r r e d w h i c h w a s c o m p l e t e w i t h i n t w o m i n u t e s . E x ­
a m i n a t i o n o f t h e u l t r a v i o l e t s p e c t r u m o f t h i s s o l u t i o n r e v e a l e d 4 - n i -
t r o p h e n o l t o b e o n e o f t h o p r o d u c t s . 
A p r e p a r a t i v e s c a l e e x p e r i m e n t y i e l d e d 4 - n i t r o p h e n o l , a w h i t e 
m a t e r i a l a n d a v i s c o u s , b r o w n m a t e r i a l a s t h e p r o d u c t s . T h e l a t t e r t w o 
s u b s t a n c e s w e r e o b t a i n e d f r o m t h e s o l i d p r e c i p i t a t e d f r o m t h e r e a c t i o n 
m i x t u r e . T h e w h i t e m a t e r i a l w a s n o t s o l u b l e i n a c e t o n e , w h i c h w a s u s e d 
t o w a s h t h e o r i g i n a l s o l i d , a n d e v a p o r a t i o n o f t h e a c e t o n e l e f t t h e 
v i s c o u s , b r o w n m a t e r i a l . T h e w h i t e m a t e r i a l d i d n o t m e l t u p t o 2 5 0 ° C , 
a n d i t w a s n o t s o l u b l e i n a n y common o r g a n i c s o l v e n t . T h e d e e p l y c o l o r e d , 
v i s c o u s m a t e r i a l a p p e a r e d t o b e a c o m p l e x m i x t u r e o f c o m p o u n d s f r o m i t s 
n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m . T h e r e f o r e , we h a v e n o t p o s i t i v e l y 
i d e n t i f i e d e i t h e r o f t h e s e p r o d u c t s . 
T h e d e c o m p o s i t i o n o f t h i s d i a z o n i u m s a l t i n t h e p r e s e n c e o f p o t a s s i u m 
i o d i d e , 4 - m e t h o x y - a n d 4 - n i t r o d i m e t h y l a n i l i n e i n m o n o b a s i c p o t a s s i u m p h o s ­
p h a t e b u f f e r e d s o l u t i o n s g a v e r a t e c o n s t a n t s w h i c h w e r e a l l s m a l l e r i n 
m a g n i t u d e t h a n t h e r ^ t o c o n s t a n t f o r t h e d e c o m p o s i t i o n o f t h e d i a z o n i u m 
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s a l t i n t h e a b s e n c e o f t h e s e c o m p o u n d s . T h e r a t i o s o f t h e r a t e c o n s t a n t s 
i n t h e a b s e n c e a n d p r e s e n c e o f t h e s e c o m p o u n d s w e r e 5 . 4 , 1 . 5 a n d 2 . 5 , 
r e s p e c t i v e l y . A p r e p a r a t i v e s c a l e e x p e r i m e n t u t i l i z i n g p o t a s s i u m 
i o d i d e a n d t h e d i a z o n i u m s a l t a s r e a c t a n t s r e v e a l e d a q u a n t i t a t i v e c o n ­
v e r s i o n t o 4 - n i t r o i o d o b e n z e n e w h i c h a g r e e d w i t h t h e f i n a l u l t r a v i o l e t 
s p e c t r u m o f t h e k i n e t i c s t u d i e s . P r e p a r a t i v e s c a l e e x p e r i m e n t s w e r e 
i m p o s s i b l e w i t h t h e o t h e r t w o c o m p o u n d s d u e t o t h e i r l o w s o l u b i l i t y i n 
w a t e r . T h e r e a c t i o n p r o d u c t s c o u l d n o t b e i d e n t i f i e d f r o m t h e s p e c t r u m 
o f t h e k i n e t i c s t u d y s o l u t i o n s . 
T h e 4 - m e t h o x y b e n z e n e d i a z o n i u m t e t r a f l u o r o b o r a t e d i d n o t s h o w t h e 
s a m e b e h a v i o r t o w a r d s c h a n g e s i n t h e r e a c t i o n m e d i u m a s t h e 4 - n i t r o b e n -
z e n e d i a z o n i u m s a l t . T h e r e a c t i o n p r o d u c t w a s t h e e x p e c t e d 4 - m e t h o x y -
p h e n o l , r e g a r d l e s s o f t h e b u f f e r u s e d . I t s s e n s i t i v i t y t o w a r d s o x y g e n 
w a s c o m p l i c a t e d b y s o m e f a c t o r w h i c h h a s n o t b e e n c l e a r l y i d e n t i f i e d a t 
t h i s t i m e , b u t i t i s p o s s i b l y c a u s e d b y t r a c e a m o u n t s o f a m e t a l c a t i o n 
s u c h a s t h e c u p r o u s c a t i o n . U s i n g P r o c e d u r e I I I , t h e r a t e p l o t s s h o w e d 
d e v i a t i o n s , j u s t a s t h e 4 - n i t r o b e n z e n e d i a z o n i u m s a l t d i d . H o w e v e r , a s 
o u r a b i l i t y t o d e o x y g e n a t e t h e s o l u t i o n a n d t o p r e p a r e t h e r e a c t a n t s , s o l ­
v e n t s a n d r e a c t i o n v e s s e l s i n a p u r e s t a t e i m p r o v e d , t h e r a t e o f d e c o m ­
p o s i t i o n a n d s e n s i t i v i t y t o m o l e c u l a r o x y g e n s h o w e d a r e m a r k a b l e d e c r e a s e . 
F o r e x a m p l e , t w o b u f f e r e d s o l u t i o n s o f t h i s d i a z o n i u m s a l t w e r e p r e ­
p a r e d a c c o r d i n g t o P r o c e d u r e IV. T h e f i r s t w a s d e o x y g e n a t e d i n t h e n o r m a l 
m a n n e r , a n d t h e s e c o n d s o l u t i o n w a s s a t u r a t e d w i t h o x y g e n g a s . T h e s o l u ­
t i o n s a t u r a t e d w i t h oxygen s h o w e d v e r y l i t t l e e v i d e n c e o f d e c o m p o s i t i o n 
a f t e r 96 h o u r s , w h i l e t h e d e o x y g e n a t e d s o l u t i o n i n d i c a t e d a v e r y s l o w r a t e 
o f d e c o m p o s i t i o n . No a t tempt w a s made t o c a l c u l a t e r a t e c o n s t a n t s f o r 
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t h e s e e x t r e m e l y s l o w r e a c t i o n s . 
A l t h o u g h i t w a s n o t a s e x t e n s i v e l y i n v e s t i g a t e d a s t h e 4 - m e t h o x y -
b e n z e n e d i a z o n i u m s a l t , t h e 4 - c h l o r o b e n z e n e d i a z o n i u m s a l t s h o w e d t h e s a m e 
g e n e r a l b e h a v i o r . T h e e x p e c t e d p h e n o l w a s t h e o b s e r v e d p r o d u c t r e g a r d ­
l e s s o f t h e b u f f e r , a n d t h e r a t e c o n s t a n t s f o r t h e d e c o m p o s i t i o n d e c r e a s e d 
a s t h e e x p e r i m e n t a l t e c h n i q u e s i m p r o v e d . 
T h e u n s u b s t i t u t e d a n d 4 - - m e t h y l b e n z e n e d i a z o n i u m s a l t s a r e l e s s 
s e n s i t i v e t o t h e b u f f e r , m o l e c u l a r o x y g e n a n d o t h e r c o m p o u n d s . B o t h d e ­
c o m p o s e d w i t h r e p r o d u c i b l e r a t e c o n s t a n t s t o t h e e x p e c t e d , c o r r e s p o n d i n g 
p h e n o l i n t h e p r e s e n c e a n d a b s e n c e o f o x y g e n . 
T h e t w o r e m a i n i n g d i a z o n i u m s a l t s , t h e 4 - b r o m o - a n d 4 - i o d o b e n z e n e -
d i a z o n i u m t e t r a f l u o r o b o r a t e s , w e r e n o t i n v e s t i g a t e d b y t h e k i n e t i c a n d 
p r o d u c t e x p e r i m e n t a l m e t h o d s . H o w e v e r , t h e s e d i a z o n i u m s a l t s , t o g e t h e r 
w i t h t h e o t h e r d i a z o n i u m s a l t s , w e r e u s e d i n t h e e x p e r i m e n t s w h i c h s o u g h t 
e v i d e n c e o f c o m p l e x f o r m a t i o n . 
U l t r a v i o l e t S p e c t r a S t u d i e s 
A f t e r t h e i n f l u e n c e o f t h e r e a c t i o n m e d i u m h a d b e e n d e m o n s t r a t e d 
b y t h e k i n e t i c a n d p r o d u c t s t u d i e s , we u n d e r t o o k t h e i n v e s t i g a t i o n o f 
o t h e r s y s t e m s i n h o p e o f f i n d i n g e v i d e n c e f o r a n a s s o c i a t i o n b e t w e e n t h e 
d i a z o n i u m s a l t s a n d o t h e r c o m p o u n d s . 
T h e f i r s t u l t r a v i o l e t s t u d i e s c o n s i s t e d o f c a r e f u l l y m a k i n g u p 
s o l u t i o n s o f t h e d i a z o n i u m s a l t s a n d d e t e r m i n i n g t h e i r m o l a r e x t i n c t i o n 
c o e f f i c i e n t s i n f i v e d i f f e r e n t s o l u t i o n s . T h e r e s u l t s o f t h e s e s t u d i e s 
a r e g i v e n i n T a b l e 1 1 . T h e b u f f e r r e a g e n t s w e r e m o n o b a s i c p o t a s s i u m 
p h o s p h a t e , p h o s p h o r i c a c i d , a c e t i c a c i d a n d e q u i m o l a r s o d i u m a c e t a t e -
a c e t i c a c i d . A s o l u t i o n o f p o t a s s i u m i o d i d e w h i c h u s e d m o n o b a s i c 
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T a b l e 11 
E x t i n c t i o n C o e f f i c i e n t s o f t he Diazonium S a l t s 
B u f f e r C o n c e n t r a t i o n s a r e 0 . 1 0 M. 
Diazonium S a l t , 
where R - i s K H o P O , H o P O , HOAc HOAc-NaOAc K I 
I - 1 2 , 5 0 0 1 2 , 7 0 0 1 2 , 1 7 0 1 2 , 7 5 0 8 , 8 8 0 
B r - 1 7 , 6 0 0 1 7 , 0 0 0 1 7 , 2 0 0 1 8 , 2 5 0 1 5 , 6 0 0 
C l - 1 7 , 0 0 0 1 8 , 0 0 0 1 7 , 6 0 0 1 7 , 5 0 0 1 8 , 2 5 0 
H- 1 2 , 4 0 0 1 2 , 5 0 0 1 2 , 2 0 0 1 3 , 4 0 0 1 2 , 4 0 0 
0 2 N - 1 6 , 6 0 0 1 6 , 2 5 0 1 6 , 5 0 0 1 5 , 4 0 0 1 7 , 2 0 0 
CH 3 0- 2 3 , 6 0 0 2 9 , 5 0 0 3 0 , 3 0 0 2 6 , 6 5 0 
CH - 1 5 , 6 0 0 1 5 , 5 0 0 
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60 80 300 20 40 60 80 4 O O 20 4 O 
F i g u r e 3 . UV o f Benzenediazonium T e t r a f l u o r o b o r a t e and 
4 - N i t r o d i m e t h y l a n i l i n e 
60 80 300 20 4 0 60 80 4 O O 20 4 O 
F i g u r e 4 . UV o f 4 -Methoxybenzened iazon ium T e t r a f l u o r o b o r a t e and 
4 - N i t r o d i m e t h y l a n i l i n e 
7 9 
J T I I I I I I I I L 
6 0 8 0 3 0 0 2 0 4.0 6 0 8 0 4 .00 2 0 4.0 
F i g u r e 5 . UV o f 4 - N i t r o b e n z e n e d i a zonium T e t r a f l u o r o b o r a t e and 
4 - N i t r o d i m e t h y l a n i l i n e 
A d d i t i o n 
Mix tu re 
2 0 4 . 0 6 0 8 0 3 0 0 2 0 4 0 6 0 8 0 4 0 0 
F i g u r e 6 . UV o f Benzenediazonium T e t r a f l u o r o b o r a t e and 
4 - M e t h o x y d i m e t h y l a n i l i n e 
8 0 
A d d i t i o n 
Mixture 
F igu re 7. U V o f 4-Methoxybenzenediazonium T e t r a f l u o r o b o r a t e and 
4 - M e t h o x y d i m e t h y l a n i l i n e 
' 1 K 
A d d i t i o n 
Mix tu re 
8 0 4OO 
Figu re 8 . U V o f 4 - -N i t robenzened ia zonium T e t r a f l u o r o b o r a t e and 
4 - M e t h o x y d i m e t h y l a n i l i n e 
8 1 
p o t a s s i u m phospha te as the b u f f e r was the f i f t h s o l u t i o n . 
The s e c o n d u l t r a v i o l e t s t u d i e s c o n s i s t e d o f p r e p a r i n g a q u e o u s , 
monobas ic p o t a s s i u m phospha te b u f f e r e d s o l u t i o n s o f 4 - n i t r o - and 4--methoxy-
d i m e t h y l a n i l i n e and o f t h r e e d i azon ium s a l t s . These were t he u n s u b s t i t u t e d , 
the 4 - n i t r o - and 4 - -methoxybenzenedia zonium t e t r a f l u o r o b o r a t e s . Examina t ion 
o f t he s p e c t r a f o r the s e p a r a t e compounds and f o r t he mix tu re s showed t h a t 
t h e a b s o r p t i o n peaks o v e r l a p p e d t o o b a d l y t o pe rmi t t h e a c c u r a t e d e t e r ­
m i n a t i o n o f t h e i r molar e x t i n c t i o n c o e f f i c i e n t s . However, t h e s e s p e c t r a 
d i d i n d i c a t e t ha t an a s s o c i a t i o n i n some c a s e s and p o s s i b l y a c h e m i c a l r e ­
a c t i o n i n one c a s e had t aken p l a c e . 
When a s o l u t i o n o f 4 - n i t r o d i m e t h y l a n i l i n e was added t o t he s o l u t i o n s 
o f t he t h r e e d i azon ium s a l t s , a p o s s i b l e a s s o c i a t i o n between the r e a c t a n t s 
was shown by a change i n the molar e x t i n c t i o n c o e f f i c i e n t o f t he a b s o r p ­
t i o n peak o f t he donor which i s l o c a t e d a t 4 2 5 mu. The u n s u b s t i t u t e d and 
4 - -n i t r obenzened i azon ium s a l t s showed a d e c r e a s e , w h i l e the 4--methoxyben-
zened iazon ium s a l t showed an i n c r e a s e . F i g u r e s 3 , U and 5 g i v e the s p e c t r a 
f o r the s o l u t i o n s where bo th r e a c t a n t s a re p r e s e n t and a l s o show the 
s p e c t r a which a re o b t a i n e d b y m e c h a n i c a l l y add ing the s p e c t r a o f the i n ­
d i v i d u a l s o l u t i o n s . 
When the 4 - -me thoxyd ime thy l an i l i ne s o l u t i o n was added t o a s o l u t i o n 
o f t he 4 - -n i t r obenzened i azon ium s a l t , an immediate change was i n d i c a t e d 
b y the appearance o f a new peak a t 3 1 0 mu. Th i s new peak i s l o c a t e d a t 
t h e same wave l eng th as t h a t o f the a b s o r p t i o n peak o f 4 - - n i t r o p h e n o l . 
However, we do no t have any e x p e r i m e n t a l e v i d e n c e a t t h i s t ime t o d i s ­
t i n g u i s h between the two p o s s i b i l i t i e s , t h a t i s , e i t h e r a c o m p l e x o r a 
p r o d u c t f o r m a t i o n . The o t h e r two d iazon ium s a l t s showed no p ronounced 
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c h a n g e w h e n t h e y w e r e a d d e d t o t h i s p o t e n t i a l c o m p l e x i n g a g e n t . F i g u r e s 
6, 7 a n d 8 g i v e t h e s p e c t r a f o r t h e s e s t u d i e s . 
N u c l e a r M a g n e t i c R e s o n a n c e S t u d i e s 
T h e p r o t o n m a g n e t i c r e s o n a n c e s p e c t r a o f t h e d i a z o n i u m s a l t s a n d 
o f s o m e p o t e n t i a l e l e c t r o n d o n o r s w e r e d e t e r m i n e d a n d e v i d e n c e o f r e ­
a c t i o n b e t w e e n t h e s e s o u g h t b y c o m p a r i n g t h e s p e c t r a o f m i x t u r e s o f 
t h e s e c o m p o n e n t s w i t h t h e s p e c t r a o f t h e s e p a r a t e c o m p o n e n t s . S e v e r a l 
t y p e s o f b e h a v i o r w e r e o b s e r v e d . 
I n s o m e c a s e s t h e s p e c t r a w e r e a d d i t i v e , s u g g e s t i n g t h a t n o i n t e r ­
a c t i o n h a d o c c u r r e d . I n o t h e r c a s e s , c h a n g e s i n t h e c h e m i c a l s h i f t s f o r 
t h e p r o t o n s i n t h e c o m p o n e n t s g a v e e v i d e n c e o f c o m p l e x f o r m a t i o n . I n 
s t i l l o t h e r s , g r o s s s p e c t r a l c h a n g e s , s u c h a s l i n e - b r o a d e n i n g a n d t h e 
a p p e a r a n c e o f new a b s o r p t i o n s , s i g n a l l e d e x t e n s i v e c h e m i c a l r e a c t i o n s . 
I n t h e l a t t e r c a s e s , c h a n g e s i n t h e s o l u t i o n s w e r e g e n e r a l l y o b s e r v e d 
v i s u a l l y a s w e l l . 
E x t e n s i v e c h e m i c a l r e a c t i o n w a s o b s e r v e d w h e n e i t h e r 4 - m e t h o x y -
d i m e t h y l a n i l i n e o r TMPD w a s a d d e d t o t h e a c e t o n e - d ^ s o l u t i o n o f a n y o f 
t h e s e v e n d i a z o n i u m s a l t s . T h e r e s u l t i n g s o l u t i o n s i m m e d i a t e l y b e c a m e 
a d e e p p u r p l e a n d a g a s w a s e v o l v e d . A s i m i l a r b u t l e s s v i g o r o u s b e h a v i o r 
w a s o b s e r v e d w h e n 4 - m e t h o x y n i t r o b e n z e n e w a s a d d e d t o a n a c e t o n e - d ^ s o l u ­
t i o n o f 4 - c h l o r o b e n z e n e d i a z o n i u m t e t r a f l u o r o b o r a t e . A l l o f t h e r e s u l t i n g 
s p e c t r a i n d i c a t e d t h a t a c o m p l e x r e a c t i o n h a d t a k e n p l a c e , t h e p r o d u c t s 
o f w h i c h c o u l d n o t b e r e a d i l y i d e n t i f i e d f r o m t h e i r s p e c t r a . 
T h e c h e m i c a l s h i f t s f o r t h e d i a z o n i u m s a l t s a n d t h e c o m p l e x i n g 
r e a g e n t s a r e s u m m a r i z e d i n T a b l e 1 2 f o r m i x t u r e s o f t h e t w o r e a c t a n t s . 
T h e r e s u l t s g i v e n i n T a b l e 1 2 s h o u l d b e c o m p a r e d w i t h t h e r e s u l t s 
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o b t a i n e d f o r t h e i n d i v i d u a l c o m p o n e n t s . T h e c h e m i c a l s h i f t s f o r t h e 
d i a z o n i u m s a l t s a n d t h e c o m p l e x i n g r e a g e n t s i n s e p a r a t e s o l u t i o n s a r e 
g i v e n i n T a b l e s 1 3 a n d 1 4 , r e s p e c t i v e l y . 
T a b l e s 1 5 t h r o u g h 1 7 s u m m a r i z e t h e p r o t o n m a g n e t i c s p e c t r a f o r 
t h e n i t r o c o m p o u n d s w h i c h c o r r e s p o n d t o t h e d i a z o n i u m s a l t s , f o r t h e 
t r i a z e n e s p r e p a r e d f r o m f o u r o f t h e d i a z o n i u m s a l t s a n d 9 - a z o b i c y c l o -
( 3 . 2 . 2 . ) n o n a n e , a n d f o r t h e 4 - s u b s t i t u t e d a n i l i n e s u s e d t o p r e p a r e t h e 
d i a z o n i u m s a l t s . 
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T a b l e 1 2 
N u c l e a r Magnet i c Resonance S t u d i e s f o r P o s s i b l e Complex Format ion 
Diazonium S a l t s , R - ^ ^ > - N 2 ^ + W ^ ~ ^ , and Complexing R e a g e n t s , 
R ' - (C j \ - N 0 2 , where A b s o r p t i o n , £ p p m . , and t h e Coup l ing 
v - - v C o n s t a n t s , J , a r i s i n g from t h e 
R - i s , R ' - i s . 
Diazonium S a l t , Complexing Reagent . 
i 6 i J 6 S i J 
0 2 N - ( C H 3 ) 2 N - 8 . 7 9 9 . 1 4 
CH 0 - B r - 4 . 1 2 7 . 5 0 8 . 7 6 
C H 3 0 - C l - 4 . 1 6 7 . 4 3 8 . 7 0 * 
C H 3 0 - C H 3 - 4 . . 1 2 - ( 7 . 5 6 ) 8 . 7 4 
C H 3 0 - ( C H 3 ) 2 N - 4 . 1 6 7 . 5 2 8 . 7 6 
C H 3 0 - C H 3 0 - . 4 . 1 6 7 . 5 4 8 . 6 8 
B r - C H 3 0 - ( 8 . 2 8 ) 8 . 7 4 
I - C H 0 - 8 . 3 8 
C R y C H " 3 0 - 2 . 6 2 7 . 8 5 8 . 6 6 
C H 3 - (CH3)2N- 2 . 5 8 7 . 8 2 8 . 6 4 
9 . 0 3 . 1 4 6 . 6 8 8 . 0 7 9 . 5 
9 . 5 7 . 8 4 8 . 1 8 9 . 5 
7 . 6 8 8 . 2 7 9 . 5 
9 . 5 2 . 4 4 7 . 4 1 8 . 0 8 9 . 0 
9 . 5 3 . 1 4 6 . 7 8 8 . 0 8 9 . 5 
9 . 5 3 . 9 7 7 . 1 5 8 . 2 3 9 . 0 
9 . 0 3 . 9 3 7 . 0 8 8 . 1 7 9 . 0 
3 . 9 4 7 . 0 2 8 . 1 9 9 . 0 
9 . 0 3 . 9 2 - 7 . 1 1 8 . 1 9 9 . 5 
9 . 0 3 . 0 9 6 . 7 4 8 . 0 6 9 . 5 
T a b l e 13 
Nuc l ea r Magnet ic Resonance S t u d i e s o f the Diazonium S a l t s 
Diazonium S a l t s , 
where R- i s , A b s o r p t i o n P o s i t i o n s , & ppm. , and 
Coup l ing C o n s t a n t s , J . 
6 6 * 1 
CH3o- 4.18 7.56 8.84 9.5 
CH - 2.67 7.85 8.68 8.5 
CI- 8.12 8.86 8.0 
Br- 8.28 8.77 9.5 
I- 8.54 
02N- 8.86 9.22 9.5 
H- ~ 8 . 4 
8 6 
T A B L E 1 4 
N U C L E A R M A G N E T I C R E S O N A N C E S T U D I E S O F T H E C O M P L E X I N G R E A G E N T S 
C O M P L E X I N G R E A G E N T A B S O R P T I O N P O S I T I O N S , & P P M . , A N D 
C O U P L I N G C O N S T A N T S , J 
i i S 
C H 3 0 - < ^ ^ > - N ( C H 3 ) 2 2 . 8 1 
0 2 N - < Q > - N ( C H 3 ) 2 
( C H 3 ) 2 N - < ^ ) - N ( C H 3 ) 2 
C M 
3 . 6 8 6 . 7 1 
3 . 1 2 6 . 7 4 8 . 0 2 9 . 5 
2 . 7 3 6 . 6 5 
Q - < ^ ^ \ - N 0 2 4 . 0 2 7 . 0 6 8 . 0 6 9 . 5 
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T a b l e 1 5 . 
N u c l e a r M a g n e t i c R e s o n a n c e S t u d i e s f o r t h e C o m p o u n d s w h e r e t h e 
D i a z o n i u m F u n c t i o n h a s b e e n r e p l a c e d w i t h t h e N i t r o F u n c t i o n 
T h e N i t r o b e n z e n e s , 
R - ^ f ^ N - N O g A b s o r p t i o n P o s i t i o n s , & p p m . , a n d 
C o u p l i n g C o n s t a n t s , J c p s . 
w h e r e R - i s , i i 6 
0 2 N - 8 . 3 8 
B r - 7 . 8 4 8 . 1 8 9 . 5 
C I - 7 . 6 5 8 . 2 4 9 . 0 
C H 3 - 2 . 4 3 7 . 4 1 8 . 0 8 9 . 0 
I - 7 . 9 2 
C H , 0 - 4 . 0 2 7 . 0 6 8 . 0 6 9 . 5 
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T a b l e 16 
Nuc l ea r Magne t i c Resonance S t u d i e s f o r t he T r i a z e n e s 
The T r i a z e n e s , 
where R- i s , M e l t i n g P o i n t s A b s o r p t i o n P o s i t i o n s , ft ppm. , and 
i n ° C , Coup l ing C o n s t a n t s , J c p s . 
i £ i 6 i J 
0 2 N - U 1 . 0 - 1 ^ 2 . 0 1.70 2 .11 4 . 0 6 7 .45 8 . 1 7 9 . 0 
C l - 9 0 . 5 - 9 1 . 0 1.66 2 . 1 0 3 . 9 4 7 . 3 0 7 . 3 6 
B r - 9 0 . 5 - 9 1 . 5 1.64 2 . 1 6 4 . 0 2 7 . 3 7 7 . 4 0 
I - 1 0 5 . 0 - 1 0 5 . 5 1.72 2 . 1 4 4 .01 7 . 1 7 7 . 6 4 9 . 0 
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T a b l e 17 
N u c l e a r Magnet i c Resonance S t u d i e s o f t h e A n i l i n e s 
The A n i l i n e s 
where R - i s 
R-/r~^\-NH2, A b s o r p t i o n P o s i t i o n s , £ p p m . , and 
V — / Coup l ing C o n s t a n t s , J c p s . 
CH 0 -
3 
3 . 3 9 3 . 6 9 6 . 6 2 6 . 6 7 
C l - 3 . 5 6 6 . 5 2 7 . 0 7 9 . 0 
° 2 N ~ 6 . 6 5 8 . 0 8 9 . 0 
B r - 3 . 5 6 6 . 4 5 7 . 1 7 9 . 0 
CHo— 2 . 2 9 3 . 4 1 . 6 . 5 4 6 . 9 4 8 . 5 
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CHAPTER V I I 
DISCUSSION OF EXPERIMENTAL RESULTS 
P r e p a r a t i o n o f Diazonium S a l t s and Complexing Reagents 
The d i f f e r e n t methods which may be u s e d t o p r e p a r e the d iazon ium 
1 88 
s a l t s have been r e c e n t l y r e v i e w e d . ' These methods d i f f e r i n t h e i r 
u se o f s t a r t i n g r e a g e n t s , o f s o l v e n t s , o f d i a z o t i z a t i o n r e a g e n t s and 
o f means f o r t he i n t r o d u c t i o n o f t he a n i o n . The m a j o r i t y o f t h e s e r e ­
a c t i o n s s t a r t w i t h t he p r imary a r o m a t i c amine which c o r r e s p o n d s t o t he 
d e s i r e d d iazon ium s a l t . Th i s amine i s r e a c t e d w i t h n i t r o u s a c i d o r a 
n i t r o s a t i n g a g e n t , such as n i t r o s y l f l u o r o b o r a t e o r n - b u t y l n i t r i t e . 
I n some more r e c e n t l y d e v e l o p e d methods , a n i t r o s o group i s i n ­
t r o d u c e d d i r e c t l y i n t o t he a roma t i c n u c l e u s by means o f an e l e c t r o p h i l i c 
s u b s t i t u t i o n w i t h a n i t r o s a t i n g r e a g e n t such as n i t r o s y l c h l o r i d e o r 
8 9 - 9 2 
n i t r o s y l p e r c h l o r a t e . Fur ther t rea tment w i t h two moles o f n i t r o u s 
i a c i d c o n v e r t s t h e n i t r o s o f u n c t i o n i n t o t h e d i azon ium n i t r a t e . 
A f t e r c a r e f u l l y c o n s i d e r i n g t he m e r i t s o f t he above methods f o r 
p r e p a r i n g t he d i azon ium s a l t s , we d e c i d e d t o use t h e we l l -known method 
o f r e a c t i n g t h e a r o m a t i c amine w i t h n - b u t y l n i t r i t e i n t he p r e s e n c e o f 
f l u o r o b o r i c a c i d . The f l u o r o b o r a t e s a l t was d e s i r e d s i n c e d iazon ium 
8 9 R , P 0 P a t e l and J . M. T e d d e r , J . Chem. S o c . . 1963 , 4.889. 
9 0 j . Mffl Tedder and G. Theaker , T e t r a h e d r o n . £ , 288 ( 1 9 5 7 ) . 
9 1 R . M, S c h i b n e r , J 0 Org . Chem., 2 £ , 34.29 (1964 . ) . 
9 2 K . B o t t , Angewandte Chemie, 7 7 , 132 ( 1 9 6 5 ) . 
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f l u o r o b o r a t e s f r e q u e n t l y f o r m s t a b l e c r y s t a l l a t t i c e s w h i c h m a k e t h e m 
s u i t a b l e f o r i s o l a t i o n a n d p u r i f i c a t i o n , a n d i t i s u n l i k e l y t h a t t h e 
f l u o r o b o r a t e a n i o n w o u l d c o m p l i c a t e t h e r e a c t i o n s s t u d i e d . S i n c e i t 
w a s d e s i r e d t o p r e p a r e t h e d i a z o n i u m s a l t s i n a p u r e s t a t e f r e e f r o m 
b o t h i n o r g a n i c a n d o r g a n i c i m p u r i t i e s , a t t e n t i o n w a s g i v e n t o p u r i f i ­
c a t i o n o f t h e r e a c t a n t s a n d s o l v e n t s a n d t o t h e s u i t a b i l i t y o f v a r i o u s 
s o l v e n t s a s t h e r e a c t i o n m e d i u m . 
I n p a r t i c u l a r , a t t e n t i o n w a s p a i d t o e l i m i n a t e c o m p o u n d s w h i c h 
a r e k n o w n t o c a t a l y z e o r i n f l u e n c e t h e d e c o m p o s i t i o n o f t h e d i a z o n i u m 
s a l t s . F o r e x a m p l e , t r a c e a m o u n t s o f c u p r o u s c h l o r i d e g r e a t l y 
c a t a l y z e t h e d e c o m p o s i t i o n o f t h e 4 - n i t r o b e n z e n e d i a z o n i u m s a l t i n b o t h 
a q u e o u s a n d a c e t o n e s o l u t i o n s . T h e a c e t a t e a n i o n a n d a l c o h o l s a l s o 
f r e q u e n t l y e n c o u r a g e a f r e e r a d i c a l p a t h w a y . O t h e r w o r k e r s h a v e e s ­
t a b l i s h e d t h a t b e n z e n e d i a z o n i u m c h l o r i d e i s s t a b l e f o r e x t e n d e d p e r i o d s 
o f t i m e w h e n i t i s s t o r e d u n d e r a n h y d r o u s e t h e r i n a n i c e b o x o r w h e n i t 
i s p l a c e d i n a s t o p p e d b o t t l e , a t r o o m t e m p e r a t u r e , u n d e r d r y d i o x a n e . ^ 
H o w e v e r , t h e e f f e c t o f a l i p h a t i c p e r o x i d e s , s u c h a s t h o s e f o u n d i n 
d i e t h y l e t h e r w h i c h h a s b e e n e x p o s e d t o s u n l i g h t a n d t h e a t m o s p h e r e , h a s 
n o t b e e n c l e a r l y d e f i n e d . 
S i n c e t h e d i a z o n i u m s a l t s a r e k n o w n t o r e a c t w i t h a c e t o n e a n d 
d i e t h y l e t h e r u n d e r some c o n d i t i o n s , w e b r i e f l y c o n s i d e r e d t h e u s e o f 
o t h e r s o l v e n t s s u c h a s c h l o r o f o r m a n d n i t r o m e t h a n e . H o w e v e r , t h e s o l u ­
b i l i t y c h a r a c t e r i s t i c s o f t h e r e a c t a n t s d i d n o t l e n d t h e m s e l v e s t o t h e 
u s e o f t h e s e n e w s o l v e n t s . W e , t h e r e f o r e , u s e d a c e t o n e a n d d i e t h y l 
93w. S m i t h a n d C . E 0 W a r n i n g , J 0 A m . C h e m . S o c . , 6 ,^ 469 (1942). 
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e ther which had been p u r i f i e d by d i s t i l l a t i o n from phosphorus pentoxide 
and l i t h ium aluminum hydr ide , r e s p e c t i v e l y . 
The r e s u l t s of our e f f o r t s t o prepare the diazonium s a l t s i n a 
pure s t a t e are i nd i ca t ed by the mel t ing po in t s reported, i n Table 2 . Ex­
cept f o r the 4-bromobenzenediazonium s a l t , our exper imental mel t ing 
po in t s are a l l h igher than the v a l u e s repor ted in the l i t e r a t u r e . A l l 
of our diazonium s a l t s were c r y s t a l l i n e and w h i t e , except fo r the 4 - n i t r o -
benzenediazonium s a l t , which was l i g h t y e l l o w . 
The d i f f e r e n c e between our experimental r e s u l t s and those r e ­
por ted i n the l i t e r a t u r e could be due i n par t t o our e f f o r t s to prepare 
the diazonium s a l t s i n a pure s t a t e . However, d i r e c t comparisons between 
our r e s u l t s and. thos e repo r ted i n the l i t e r a t u r e are impossible because 
the experimental d e t a i l s f o r the p repara t ion of the diazonium s a l t s are 
not g iven in the l i t e r a t u r e f o r s p e c i f i c experiments . 
A review of the l i t e r a t u r e r e v e a l s that there are many reported 
examples of r e a c t i o n s i n the l i t e r a t u r e where other r e a c t i o n s s i m i l a r t o 
the one g iven by Eq. 13j the a l k y l a t i o n of amines, have been c a r r i e d ou t . 
For example, v a r i o u s 2 - h a l o a c e t i c acids,94.-97
 s e v e r a j s u b s t i t u t e d b e t a -
p r o p i o l a c t o n e s ^ 8 and chloroacetamides99 have been r eac ted wi th a v a r i e t y 
94L 0 Michae l i s and M. P. Schuber t , J. B i o . Chem. , 1 1 5 , 221 (1936) . 
9 ^ A . T, DeMonilpied, J. Chem. S o c . , 87, 4-35 (1905) , 
9 6 L , Michae l i s and M. P. Schuber t , J. B i o . Chem., 106, 331 (1934) . 
9?T 0 B„ Johnson and R* Beng i s , J . Am. Chem,, S o c . , 211 745 ( 1 9 1 1 ) . 
98T. L 8 Gresham and F. W. Shaver , U . S . Patent 2,568,621 ( 1 9 5 1 ) . 
99w, F. Bruce and J. S e i f t e r , U . S . Patent 2 ,568,141 ( 1 9 5 1 ) . 
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of aromatic amines to give the imino acids. The esters of some of these 
acids have been condensed with other reagents in the presence of sodium 
95 97 
alkoxi.des to give a variety of heterocyclic compounds. 9 
The decarboxylation of imino acids by heating the dry sol id acid 
under vacuum according to Eq. 1 4 had not been previously reported in 
the l i terature. However, the decarboxylation of phenyliminodiacetic acid 
to N,N-d.im.ethylaniline has been reported by heating the diacid in an 
ac id ic , aqueous solution (usually a sulfuric acid solution) in the 
presence of a transit ion metal cation such as the ferr ic c a t i o n . 1 ^ While 
this procedure was claimed to be general and applicable to a large number 
of compounds, the instructions given by these workers fai led to yield 
satisfactory results in our hands. We have, therefore, rel ied on the 
procedure of heating the dry salt to decarboxylate the imino acids. 
Table 3 summarizes the experimental results for the alkylat ion-
decarboxylation procedure which was used by us for the preparation of two 
potential complexing reagents. While we have successfully alkylated a 
variety cf aromatic mono- and diamines, the results of the attempted de­
carboxylations were disappointing. However, we used this procedure p r i ­
marily for the preparation of TMPD and the investigation of different 
reaction conditions could lead to a satisfactory experimental procedure 
for the decarboxylation in the other cases as well. 
Studies with TMPD 
Chapter I I of this thesis presents a general review of the l i terature 
1 u u K a l l e and Co. , German Patent 375463, abstracted in P. Friedlander, 
Fortsch. Teerfarbenfabrid., 14 , 400 (1926). 
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p e r t i n e n t t o t h e d i s c u s s i o n o f the r e a c t i o n between TMPD and the d i azon ium 
s a l t s . Expe r imen ta l r e s u l t s a re c i t e d t ha t TMPD i s c a p a b l e o f fo rming 
complexes w i t h o t h e r compounds which can decompose t o r a d i c a l s p e c i e s 
under c e r t a i n r e a c t i o n c o n d i t i o n s and tha t t he d i azon ium s a l t s can a s s o c i ­
a t e w i t h o t h e r e l e c t r o n donor s p e c i e s under c e r t a i n r e a c t i o n c o n d i t i o n s s o 
as t o i n i t i a t e a f r e e r a d i c a l c h a i n r e a c t i o n . 
The f i r s t s t e p i n t h e s e r a d i c a l c h a i n i n i t i a t i o n s t e p s i s b e l i e v e d 
t o be o n e - e l e c t r o n t r a n s f e r r e a c t i o n t o g i v e e i t h e r the p h e n y l r a d i c a l 
d i r e c t l y o r the i n t e r m e d i a t e p h e n y l a z o r a d i c a l . I f a s u i t a b l e r e d u c t a n t 
i s p r e s e n t i n s o l u t i o n , , a r a d i c a l c h a i n p r o p a g a t i o n p r o c e s s can t ake 
p l a c e . I n our s t u d i e s , p o t e n t i a l r e d u c t a n t s o t h e r than TMPD were r i g o r ­
o u s l y e x c l u d e d i n the hope o f i s o l a t i n g t h i s i n i t i a l o n e - e l e c t r o n t r a n s f e r 
r e a c t i o n . T h i s sys tem c o u l d s e r v e as a model f o r t he o t h e r r a d i c a l r e a c ­
t i o n s which o c c u r under ambiguous c o n d i t i o n s . To unders tand the e x p e r i ­
menta l r e s u l t s one would e x p e c t t o o b t a i n f rom our exper imen t s w i t h TMPD, 
i t i s h e l p f u l t o r e f e r s p e c i f i c a l l y t o t h e d i s c u s s i o n f o r the r e a c t i o n 
between hypophosphorous a c i d and the d iazon ium s a l t s . Th i s d i s c u s s i o n 
d e s c r i b e s the e x p e r i m e n t a l e v i d e n c e t ha t o n e - e l e c t r o n r e d u c t i o n s do o c c u r , 
t h a t t h i s r e d u c t i o n p r o d u c e s r a d i c a l i n t e r m e d i a t e s , and t h a t t h e s e i n t e r ­
media tes can r e a c t f u r t h e r w i t h t he hypophosphorous a c i d . 
These expe r imen t s which were pe r fo rmed by Kornblum 2 ' 1 were c h o s e n 
f o r a d e t a i l e d d i s c u s s i o n b e c a u s e , a p r i o r i t one would e x p e c t many s i m i ­
l a r i t i e s o f t he r e a c t i o n pathways t o e x i s t between t h i s r e a c t i o n and our 
r e a c t i o n w i t h TMPD, because the e x p e r i m e n t a l f a c t o r s which i n f l u e n c e the 
hypophosphorous a c i d r e a c t i o n have been e x t e n s i v e l y i n v e s t i g a t e d and b e ­
cause b o t h s t u d i e s were c a r r i e d ou t i n a c i d i c , aqueous s o l u t i o n s . How-
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e v e r , t h e two s t u d i e s d i f f e r i n t h a t a f t e r t he i n i t i a l e l e c t r o n - t r a n s f e r 
r e a c t i o n s t he c h a i n p r o p a g a t i o n sequence w i t h hypophosphorous a c i d l e a d s 
t o r e d u c t i o n , whereas a s i m i l a r p r o p a g a t i o n sequence i s r u l e d out by t he 
s t o i c h i o m e t r y which i s o b s e r v e d w i t h t he TMPD r e a c t i o n . Le t us now 
examine some o f the p o s s i b i l i t i e s t h a t t he r e a c t i o n s between TMPD and the 
d i azon ium s a l t s can i n v o l v e . 
The f i r s t p o s s i b i l i t y i s t h a t t he TMPD r e d u c e s t he d iazon ium i o n s 
t o t h e c o r r e s p o n d i n g h y d r a z i n e s . Th i s r e a c t i o n would r e q u i r e f o u r e l e c ­
t r o n s , f o u r moles o f TMPD p e r mole o f t he d iazon ium s a l t , and t h r e e 
p r o t o n s . Such r e d u c t i o n s a re known t o o c c u r i n t he p r e s e n c e o f the 
s tannous c a t i o n 2 ^ and the chromous c a t i o n . 3 ^ T h i s p o s s i b i l i t y i s v e r y 
u n l i k e l y f o r our s t u d i e s w i t h TMPD s i n c e the r e q u i r e d s t o i c h i o m e t r y was 
no t o b s e r v e d i n any expe r imen t s and t h e r e was no o t h e r e v i d e n c e o f h y ­
d r a z i n e f o r m a t i o n . T h e r e f o r e , some o t h e r r e a c t i o n o r c o m b i n a t i o n o f 
r e a c t i o n s which r e q u i r e s f ewer moles o f TMPD p e r mole o f d iazon ium s a l t 
must be c o n s i d e r e d . 
The more r e a s o n a b l e r e a c t i o n pathways would i n v o l v e the i n i t i a l 
o n e - e l e c t r o n r e d u c t i o n o f the d i azon ium s a l t t o g i v e one o f two i n t e r ­
media te r a d i c a l s . F i r s t t he p h e n y l a z o r a d i c a l may be formed and r e d u c e d 
f u r t h e r , w i t h e v e n t u a l c o u p l i n g t o f o r m , f o r example , t e t r a z a n e o r t e t -
r a z e n e . S e c o n d l y , t he p h e n y l r a d i c a l may be formed and c o u l d then 
e n t e r i n t o a number o f r a d i c a l o r c o u p l i n g r e a c t i o n s t o g i v e r e d u c t i o n 
p r o d u c t s o r azo compounds. The p r o p e r t i e s o f some o f t h e s e p o s s i b l e 
p r o d u c t s can be deduced f rom the p r o p e r t i e s o f r e l a t e d compounds. 
The a n t i c i p a t e d b e h a v i o r o f v a r i o u s s u b s t i t u t e d 1 , 4 - d i p h e n y l t e t -
r azanes i s i n d i c a t e d by t he s t u d i e s o f t he o t h e r more s u b s t i t u t e d 
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t e t r a z a n e s . 9 W i l l m a r t h and Schwartz have de termined t h e e q u i l i b r i u m 
c o n s t a n t s f o r t h e d i s s o c i a t i o n o f t h e s u b s t i t u t e d 1 , 1 , 4 , 4 - t e t r a p h e n y l - 2 , 3 -
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d i b e n z o y l t e t r a z a n e s i n t o t h e 1 , 1 - d i p h e n y l - 1 - b e n z o y l h y d r a z y l f r e e r a d i c a l . 
T h e i r r e s u l t s were c o n s i s t e n t w i t h t h e f o r m a t i o n and s t a b i l i z a t i o n o f t h e 
p r o p o s e d t h r e e - e l e c t r o n bond of t h e h y d r a z y l r a d i c a l . E x p e r i m e n t a l e v i ­
dence t h a t t h e h y d r a z y l r a d i c a l e x i s t s i n s o l u t i o n i n c l u d e d t h e f a c t t h a t 
t h e s o l u t i o n absorbed n i t r i c o x i d e , t h a t a s i n g l e new peak was o b s e r v e d 
i n t h e v i s i b l e range o f 5 0 0 t o 5 3 0 mu, and t h a t e l e c t r o n s p i n re sonance 
s p e c t r a have been o b s e r v e d f o r t h e s e s o l u t i o n s . The s t a b i l i t y o f t h e s e 
1 0 2 
r a d i c a l s can be c o r r e l a t e d i n terms o f s t e r i c and e n e r g y f a c t o r s . 
S t e r i c h indrance i n t h e 2 and 3 p o s i t i o n s and groups such as t h e n i t r o 
f u n c t i o n and t h e b e n z o y l f u n c t i o n i n c r e a s e t h e s t a b i l i t y . 
Some o t h e r compounds which c o u l d p o s s i b l y be formed from t h e p h e n y l 
azo r a d i c a l would i n c l u d e s u b s t i t u t e d a z o b e n z e n e s , t r i a z e n e s and p h e n y l -
a z o a l k a n e s . The azobenzene c o u l d be formed by t h e c o u p l i n g o f t h e 
p h e n y l a z o and t h e p h e n y l r a d i c a l s or by t h e c o u p l i n g o f t h e d iazonium i o n 
and t h e p h e n o l which i s produced by t h e s o l v o l y s i s o f t h e d iazonium i o n . 
W h i l e azobenzenes a r e known t o be t h e r m o d y n a m i c a l l y s t a b l e under our c o n ­
d i t i o n s , t h e azo l i n k a g e can be i s o m e r i z e d and a l s o r e a c t e d w i t h o t h e r 
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r a d i c a l s which a r e p r e s e n t i n t h e s o l u t i o n . J The triazenes, ddazDamine compounds 
1 0 1 
W. K. W i l m a r t h and N. S c h w a r t z , J . Am. Chem. S o c , 7 7 , 4 5 4 3 , 3551 
( 1 9 5 5 ) . ~ ~ 
1 0 2 A . L . Buchachenko, " S t a b l e R a d i c a l s , " C o n s u l t a n t s Bureau , New 
Y o r k , 1 9 6 5 , p . 1 3 0 . 
1
° 3 L . B. Jones and G. S 0 Hammond, J . Am. Chem. S o c . , 8 7 , 4 2 2 0 ( 1 9 6 5 ) . 
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are known to undergo a rearrangement in acidic, aqueous solutions to the 
aminoazo isomer.3 However, under other experimental conditions, 1-aryl-3, 
3-dimethyltriazenes have been reported to form free radicals which can 
1OA. 
arylate aromatic compounds. The suggested decomposition pathway in­
volved the formation of a covalent diazo acetate or chloride which can 
decompose homolytically. The phenylazoalkanes can be interconverted to 
the corresponding phenylhydrazones under acidic, basic, and radical 
initiated conditions. J 
While these possibilities must be considered as competing, side 
reactions, the small ratio of radicals, TMPD ,^ produced to the initial 
concentration of the diazonium salt discredits the importance of these 
reactions. Other reactions where TMPD merely serves as a catalyst to 
initiate the formation of the phenyl radical is more reasonable. 
After the phenyl radical is formed, either directly (Eq. 23), or 
through the phenylazo radical (Eq. 2L.), several reasonable pathways 
are possible. The phenyl radical can react with either a second molecule 
of the diazonium salt (Eq. 2 5 ) , with the radica l cation of TMPD (Eq. 2 6 ) , 
with a second mole of TMPD (Eq. 27), with itself (Eq. 30), or with some 
other radical present in the solution such as molecular oxygen (Eq. 31). 
The overall result of the reactions between the phenyl radical and a 
second molecule of the diazonium salt or the radical cation, TMPD^+), is 
the formation of the phenyl cation, which would then react with the sol­
vent to give the corresponding phenol (Eq. 28). The third possibility 
1
°4o. Vogl and C. S. Rondestredt, Jr., J. Am. Chem. Soc., 77, 3067 
(1955). 
1
° 5 A . J . Bellamy and R. D. Guthrie, J. Chem. Soc., 1965, 3528. 
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would r e q u i r e t h e consumpt ion o f two moles o f TMPD p e r mole o f d iazon ium 
s a l t and would l e a d t o t he r e d u c t i o n p r o d u c t , t h a t i s , t he s u b s t i t u t e d 
benzene (Eq . 2 9 ) . I f two p h e n y l r a d i c a l s c o u p l e , a b i a r y l would be 
formed (Eq . 3 0 ) . Other r a d i c a l s p r e s e n t i n the s o l u t i o n may a l s o r e a c t 
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The r e a c t i o n s which p r o d u c e the p h e n o l as t he p r o d u c t a re the most 
r e a s o n a b l e b e c a u s e t h e y a re c o n s i s t e n t w i t h t he o b s e r v e d and the e x p e c t e d 
b e h a v i o r o f t he r e a c t i o n s w i t h TMPD. A f t e r d e o x y g e n a t i n g t he b u f f e r 
s o l u t i o n a c c o r d i n g t o P r o c e d u r e I V , t he TMPD can be added t o t he b u f f e r 
s o l u t i o n w i t h no p r o d u c t i o n o f the r a d i c a l c a t i o n . However, w i t h a d d i t i o n 
o f t he d iazon ium s a l t a r a p i d r e a c t i o n o c c u r s . These r e a c t i o n s a l s o i n ­
v o l v e s p e c i e s which a re p r e s e n t i n t h e h i g h e s t c o n c e n t r a t i o n s and t h e y 
9 9 
d o n o t r e q u i r e t h a t t h e r a t i o o f t h e r a d i c a l p r o d u c e d t o t h e i n i t i a l 
c o n c e n t r a t i o n o f t h e d i a z o n i u m s a l t b e g r e a t e r t h a n o n e . A p r e p a r a t i v e 
s c a l e e x p e r i m e n t w i t h t h e 4 - n i t r o b e n z e n e d i a z o n i u m s a l t a l l o w e d t h e 
i s o l a t i o n o f 4 - n i t r o p h e n o l i n a y i e l d g r e a t e r t h a n 9 0 p e r c e n t , 
a l t h o u g h t h e u l t r a v i o l e t s p e c t r a o f t h e k i n e t i c s t u d y s o l u t i o n s w e r e 
t o o c o m p l e x t o a l l o w d i r e c t i d e n t i f i c a t i o n o f t h e p r o d u c t s b y s p e c t r a l 
m e a s u r e m e n t s o n t h e r e a c t i o n m i x t u r e . W e h a v e n o t b e e n a b l e t o d e t e c t 
a n y o t h e r p r o d u c t s f r o m t h e k i n e t i c s t u d y s o l u t i o n s b y t h e i r u l t r a ­
v i o l e t s p e c t r a . 
A s l i g h t m o d i f i c a t i o n o f t h e s e g e n e r a l r e a c t i o n s w o u l d b e s t a c ­
c o u n t f o r t h e e x p e r i m e n t a l r e s u l t s . A f t e r t h e i n i t i a l e l e c t r o n t r a n s ­
f e r a n d t h e l o s s o f n i t r o g e n , a n a s s o c i a t i o n b e t w e e n t h e p h e n y l r a d i c a l 
a n d t h e r a d i c a l c a t i o n , T M P D ^ , c o u l d a c t t o s t a b i l i z e t h e p h e n y l 
r a d i c a l . A c o l l i s i o n w i t h a l m o s t a n y s p e c i e s i n t h e s o l u t i o n c o u l d 
f r e e T M P D a n d t h e p h e n y l c a t i o n , w h i c h w o u l d r e a c t w i t h t h e s o l v e n t t o 
g i v e t h e o b s e r v e d p h e n o l . 
T h e a t t r a c t i v e f e a t u r e s o f t h i s p a t h w a y a r e t h a t a l l o f t h e 
n e c e s s a r y r e a c t a n t s a r e i n c l o s e p r o x i m i t y a n d , t h e r e f o r e , a r a p i d 
r e a c t i o n i s p o s s i b l e w i t h o u t i n v o l v i n g a c h a i n s e q u e n c e a n d t h a t t h e 
i n t e r m e d i a t e r e a c t a n t s a r e s t a b i l i z e d . 
H o w e v e r , t h i s m o d i f i e d p a t h w a y c a n n o t a c c o u n t f o r t h e e n t i r e d e ­
c o m p o s i t i o n o f t h e d i a z o n i u m s a l t b e c a u s e t h e r a d i c a l o f T M P D i s f o r m e d 
i n a l l o f t h e e x p e r i m e n t s a n d b e c a u s e t h e r a t i o s o f t h e r a d i c a l c o n c e n ­
t r a t i o n t o t h e d i a z o n i u m s a l t c o n c e n t r a t i o n a r e n o t r e p r o d u c i b l e a n d 
a r e s e n s i t i v e t o t h e e x p e r i m e n t a l c o n d i t i o n s . 
A r e a s o n a b l e e x p l a n a t i o n f o r t h e p r o d u c t i o n o f t h e r a d i c a l c a t i o n 
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i s t ha t t h e p h e n y l r a d i c a l i s i n i t i a l l y formed by an e l e c t r o n t r a n s f e r 
r e a c t i o n and i s then s t a b i l i z e d by an a s s o c i a t i o n w i t h t he same TMPD 
r a d i c a l c a t i o n . Th i s a s s o c i a t i o n can be d i s r u p t e d i n t o e i t h e r the 
p h e n y l r a d i c a l and the TMPD r a d i c a l c a t i o n o r the p h e n y l c a t i o n and 
TMPD, The two i n t e r m e d i a t e s , t he p h e n y l r a d i c a l and the p h e n y l c a t i o n , 
c o u l d r e a c t t o g i v e the p h e n o l o r by a r a d i c a l c h a i n pathway t o g i v e a 
v a r i e t y o f p r o d u c t s . The e x a c t mode o f r e a c t i o n would be e x p e c t e d t o 
be v e r y dependent on the e x a c t r e a c t i o n c o n d i t i o n s . The impor tan t 
f a c t o r s i n c l u d e the c o n c e n t r a t i o n s and the c h a r a c t e r i s t i c s o f the 
r e a c t a n t s , t he p o s s i b i l i t y o f a p h o t o - i n d u c e d r e a c t i o n , t he p r e s e n c e 
o f o t h e r p o t e n t i a l r e a c t a n t s , i n p a r t i c u l a r m o l e c u l a r o x y g e n , the 
s t a b i l i t y o f the p r o p o s e d c o m p l e x e s , and t he r a t e s o f t h e s e c a t a l y z e d 
d e c o m p o s i t i o n s r e l a t i v e t o the r a t e o f the s imple l o s s o f n i t r o g e n 
f rom the d i azon ium i o n t o g i v e the p h e n y l c a t i o n d i r e c t l y . 
The r e l a t i v e c o n c e n t r a t i o n s and c h a r a c t e r i s t i c s o f the r e a c t a n t s 
a re impor tan t i n d e t e r m i n i n g t he r e l a t i v e r e a c t i v i t i e s and the s t a ­
b i l i t i e s o f the p r o p o s e d c o m p l e x e s , A p r i o r i 9 one would e x p e c t the same 
o r d e r o f r e a c t i v i t y as t ha t o b s e r v e d f o r the hypophosphorous a c i d s t u d i e s 
( 4 . - O 2 N - ^ > 4 - C H 3 - ^ > 4-CH^O-) f o r b o t h t he ease o f the i n i t i a l e l e c t r o n -
t r a n s f e r and t h e s t a b i l i t y o f the p r o p o s e d a s s o c i a t i o n between t he 
p h e n y l r a d i c a l and t h e r a d i c a l c a t i o n o f TMPD. An examina t ion o f T a b l e s 
5 and 6 s u p p o r t s t h e s e s p e c u l a t i o n s . For example , our da ta show t h a t t h e 
4 - n i t r o b e n z e n e d i a z o n i u m i o n i s e a s i l y r e d u c e d . However , t he da ta a l s o 
show t ha t o t h e r c o n s i d e r a t i o n s a re a l s o i m p o r t a n t , i n p a r t i c u l a r the p_H 
o f t he s o l u t i o n and the p r o c e d u r e used t o p r epa re the s o l u t i o n s . 
The i n f l u e n c e s o f t he p_H and the b u f f e r can be e x p l a i n e d i n terms 
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o f t h e i r i m p o r t a n c e i n d e t e r m i n i n g t h e c o n c e n t r a t i o n s o f t h e r e a c t i n g 
s p e c i e s o f b o t h t h e d i a z o n i u m s a l t a n d T M P D . T h e p o s s i b i l i t y t h a t a 
d i a z o c o m p o u n d e x i s t s i n e q u i l i b r i u m w i t h t h e d i a z o n i u m i o n a n d s o m e 
o t h e r a n i o n h a s b e e n d i s c u s s e d i n C h a p t e r I I I . T h e o n l y s p e c i e s w h i c h 
w e r e p r e s e n t i n o u r e x p e r i m e n t s w e r e t h e b u f f e r , T M P D , s o l v e n t a n d 
t h e d i a z o n i u m i o n . W h i l e t h e i n t e r a c t i o n b e t w e e n t h e d i a z o n i u m i o n a n d 
t h e b u f f e r w o u l d b e e x p e c t e d t o b e s m a l l , w e c a n n o t d i s c o u n t t h e p o s s i ­
b i l i t y o f s u c h a n i n t e r a c t i o n b e c a u s e o f t h e l a r g e d i f f e r e n c e s i n t h e i r 
c o n c e n t r a t i o n s . T h e c o n c e n t r a t i o n s o f t h e d i a z o n i u m s a l t a n d t h e b u f f e r 
d i f f e r e d b y a f a c t o r o f a t h o u s a n d . T o m i n i m i z e t h e i n t e r a c t i o n b e t w e e n 
t h e d i a z o n i u m i o n a n d t h e b u f f e r a s w e l l a s t h e h y d r o x i d e i o n , i t w o u l d 
b e a d v i s a b l e t o s t u d y t h e r e a c t i o n i n s t r o n g l y a c i d i c s o l u t i o n s , t h a t 
i s , p H 1 . 0 . H o w e v e r , t h e s e r e a c t i o n c o n d i t i o n s a r e n o t p r a c t i c a l , s i n c e 
t h e T M P D e x i s t s i n t h e d i p r o t o n a t e d f o r m i n v e r y a c i d i c s o l u t i o n s a n d 
d o e s n o t r e a c t w i t h t h e d i a z o n i u m s a l t s i n t h i s f o r m . 
T h e p r o t o n e q u i l i b r i a o f T M P D i n w a t e r w e r e m e a s u r e d i n t h e u s u a l 
manner b y t i t r a t i n g a k n o w n w e i g h t o f TMPD*2HBF^ w i t h a. s t a n d a r d i z e d 
s o d i u m h y d r o x i d e s o l u t i o n . T h e s e c u r v e s i n d i c a t e d t h a t t h e t w o e q u i v a ­
l e n c e p o i n t s o c c u r a t p H ' s 5 ° 2 a n d 8 . 5 . T h e r e f o r e , t h e a m i n e e x i s t s i n 
t h e m o n o p r o t o n a t e d f o r m a t p _ H f s o f o u r b u f f e r e d s o l u t i o n s a n d c h i e f l y as 
t h e f r e e a m i n e i n t h e n e u t r a l , u n b u f f e r e d s o l u t i o n s . 
I n s u m m a r y , t h e n , a s t r o n g l y a c i d i c s o l u t i o n w o u l d f a v o r t h e 
d i a z o n i u m s a l t , w h i l e a n e u t r a l s o l u t i o n w o u l d f a v o r t h e a m i n e . W e , 
t h e r e f o r e , c o m p r o m i s e d b y u s i n g s o l u t i o n s b u f f e r e d a t a p p r o x i m a t e l y 
p H 5 o T h e e f f e c t o f c h a n g e s i n t h e p H o f t h e s o l u t i o n s h o w e d t h e e x ­
p e c t e d g e n e r a l t r e n d , t h a t i s , f e w e r r a d i c a l s w e r e p r o d u c e d i n t h e m o r e 
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a c i d i c s o l u t i o n s f o r a l l o f the d i azon ium s a l t s . For example , the 
r a d i c a l t o d i azon ium r a t i o s f e l l f rom 2 . 0 t o 1.0 and f rom 3 . 0 t o 
2 „ 0 f o r the 4 - n i t r o - and the 4~methoxybenzenediazonium s a l t s , r e s p e c ­
t i v e l y , when t h e p H ' s o f the s o l u t i o n s were changed f rom n e u t r a l t o 
5 . 0 . 
The e f f e c t o f changes i n t h e p r o c e d u r e u s e d t o p r e p a r e the 
r e a c t i o n v e s s e l and medium i s v e r y s t r i k i n g . The g e n e r a l t r e n d i n d i ­
c a t e s tha t as our a b i l i t y improved t o p r e p a r e the r e a c t i o n medium f r e e 
f rom i m p u r i t i e s and t o d e o x y g e n a t e the s o l u t i o n , then the r a t i o s o f 
t he r a d i c a l t o t h e i n i t i a l d i azon ium s a l t c o n c e n t r a t i o n s d e c r e a s e d and 
t ha t a maximum c o n c e n t r a t i o n o f t h e r a d i c a l was o b s e r v e d w i t h t h e u s e 
o f P r o c e d u r e I V . The s e n s i t i v i t y o f t he r e a c t i o n t o i t s medium i s 
demons t ra ted by the l a c k o f our a b i l i t y t o r e p r o d u c e t he e x p e r i m e n t a l 
r e s u l t s . T a b l e s 5 and 6 show many examples o f d u p l i c a t e expe r imen t s 
which s h o u l d have g i v e n i d e n t i c a l e x p e r i m e n t a l r e s u l t s but d i d n o t . The 
most s t r i k i n g example i s the u n s u b s t i t u t e d benzened iazon ium s a l t . 
The r e s u l t s o f our expe r imen t s w i t h t h e o x i d i z e d amine , 
T M P D W C I O ^ ( - ) , and t he 4, -methoxybenzenedia zonium s a l t f u r t h e r i n d i c a t e 
t h e c o m p l e x i t y o f t h e r e a c t i o n . The s p e c i e s r e s p o n s i b l e f o r t h e d e c r e a s e 
i n t h e r a d i c a l c o n c e n t r a t i o n w i t h t h e i n c r e a s i n g d i azon ium s a l t c o n c e n ­
t r a t i o n s a r e no t known a t t h i s t i m e , but i t c o u l d be t he 4 . -methoxyphenol . 
Whi le t h e s e r e s u l t s do show t h a t t h e r e a c t i o n i s more c o m p l i c a t e d than a 
s i m p l e , i n i t i a l , o n e - e l e c t r o n t r a n s f e r r e a c t i o n t o r e d u c e t h e d i azon ium 
s a l t t o t h e c o r r e s p o n d i n g d i a z o r a d i c a l , t h e s e r e s u l t s do no t show t h a t 
t he i n i t i a l o n e - e l e c t r o n r e d u c t i o n i s a r e v e r s i b l e r e a c t i o n . However , 
t he r e a c t i o n which i s o b s e r v e d be tween the o x i d i z e d TMPD and the d i azon ium 
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i o n c o u l d a l s o b e r e s p o n s i b l e f o r t h e d e c r e a s e i n t h e r a d i c a l c a t i o n o f 
T M P D c o n c e n t r a t i o n w h i c h i s o b s e r v e d w i t h t h e r e a c t i o n b e t w e e n t h e 
d i a z o n i u m s a l t s a n d T M P D a f t e r t h e m a x i m u m c o n c e n t r a t i o n o f t h e r a d i c a l 
h a s b e e n o b t a i n e d . 
M f l g t i j 3 _ 
B o t h o u r e x p e r i m e n t a l r e s u l t s a n d t h o s e w h i c h a r e r e p o r t e d i n 
t h e l i t e r a t u r e i n d i c a t e t h a t t h e c o r r e s p o n d i n g p h e n o l o f t h e d i a z o n i u m 
s a l t i s t h e p r i n c i p a l p r o d u c t w h e n t h e d i a z o n i u m s a l t s a r e d e c o m p o s e d 
i n a n a c i d i c , a q u e o u s s o l u t i o n . H o w e v e r , b o t h s o u r c e s o f e x p e r i m e n t a l 
r e s u l t s i n d i c a t e t h a t c h a n g e s i n e i t h e r t h e s u b s t i t u e n t f u n c t i o n s o f 
t h e d i a z o n i u m s a l t o r t h e r e a c t i o n m e d i u m c a n d r a s t i c a l l y c h a n g e t h e 
r e a c t i o n p a t h w a y w h i c h i s f o l l o w e d b y t h e d i a z o n i u m s a l t s a n d , t h e r e ­
f o r e , t h e p r o d u c t s a n d k i n e t i c s w h i c h a r e o b s e r v e d . T h e i m p o r t a n c e 
o f t h e s e c h a n g e s i n t h e b e h a v i o r o f t h e d i a z o n i u m s a l t s c a n b e s e e n b y 
t h e c o m p a r i s o n s o f t h e b e h a v i o r o f t h e v a r i o u s s u b s t i t u t e d d i a z o n i u m 
s a l t s t o t h e b e h a v i o r o f t h e b e n z e n e d i a z o n i u m i o n w i t h r e s p e c t t o t h e 
r e a c t i o n m e d i u m , , C o m p a r i s o n s o f t h e r a t e c o n s t a n t s w h i c h w e r e c a l c u ­
l a t e d f o r i d e n t i c a l e x p e r i m e n t s a n d o f t h e r a t e c o n s t a n t s w h i c h w e r e 
c a l c u l a t e d b y t h e d i f f e r e n t m a t h e m a t i c a l m e t h o d s a l s o s h o w t h e i m p o r ­
t a n c e o f t h e s e f a c t o r s . T h e i m p o r t a n c e o f t h e m a t h e m a t i c a l m e t h o d i s 
r e l a t e d t o t h e i m p o r t a n c e o f t h e u s e a n d e r r o r s o f t h e i n i t i a l a n d i n ­
f i n i t y v a l u e s w h i c h w e r e u s e d i n t h e c a l c u l a t i o n s „ T h e e r r o r w h i c h i s 
i n t r o d u c e d w h e n t h e i n i t i a l v a l u e i s u s e d i s d u e - , i n p a r t , t o t h e l o s s 
o f s o l v e n t d u r i n g t h e d e o x y g e n a t i o n p r o c e s s . T h i s l o s s a m o u n t e d t o 
o n e t o f i v e m l . f r o m a 5 0 m l , s o l u t i o n a n d j , t h e r e f o r e , a p o s s i b l e 1 0 
p e r c e n t e r r o r i n t h e i n i t i a l a n d p r o d u c t c o n c e n t r a t i o n s . T h e e r r o r s 
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which were i n t r o d u c e d i n t o t he i n f i n i t y v a l u e s come f rom two s o u r c e s . 
F i r s t , t h e base l i n e f o r the s p e c i a l qua r t z c e l l s showed l a r g e d e v i a t i o n s 
i n t h e u l t r a v i o l e t r e g i o n and, t h e r e f o r e , i t was d i f f i c u l t t o de te rmine 
the e x a c t a b s o r p t i o n o f the p r o d u c t s . S e c o n d l y , the i n f i n i t y v a l u e 
was found by d e t e r m i n i n g the a b s o r p t i o n o f the wave leng th o f the a b ­
s o r p t i o n peak o f the d iazon ium s a l t . Th i s means t ha t we were r e c o r d i n g 
an a b s o r p t i o n v a l u e f o r some wave l eng th which was l o c a t e d on t h e s h o u l d e r 
o f t he p r o d u c t a b s o r p t i o n peak , A s l i g h t change i n t he p r o d u c t s o f t h e i r 
y i e l d s would d r a s t i c a l l y change the i n f i n i t y v a l u e . T h e r e f o r e , t he r a t e 
c o n s t a n t s which were c a l c u l a t e d by t he mathemat ica l methods which d i d 
no t depend on the i n f i n i t y o r i n i t i a l v a l u e s s h o u l d be the most a c c u r a t e . 
The benzened iazon ium i o n i s w e l l behaved under our e x p e r i m e n t a l 
c o n d i t i o n s and the s imple p h e n y l c a t i o n pathway appears t o o f f e r a s a t ­
i s f a c t o r y e x p l a n a t i o n f o r i t s t he rma l d e c o m p o s i t i o n t o p h e n o l . Com­
p a r i s o n s o f t h e l i t e r a t u r e r a t e c o n s t a n t , T a b l e 1 , t o our r a t e c o n s t a n t s , 
Tab l e 7 , i n d i c a t e e x c e l l e n t agreement a l t h o u g h the pH o f the aqueous 
s o l u t i o n s were no t the same i n b o t h c a s e s . The f r eedom from c o m p l i c a t i n g 
f a c t o r s i s a l s o demons t ra ted by t he g e n e r a l l y c l o s e agreement i n t he r a t e 
c o n s t a n t s which were c a l c u l a t e d by our d i f f e r e n t mathemat ica l methods . 
The b e s t agreement i s o b t a i n e d w i t h t h e l a s t f i v e me thods , t h a t i s , 
Methods g th rough k , which r e l y on n e i t h e r the i n f i n i t y nor t he i n i t i a l 
v a l u e s . The d i f f e r e n c e s between our r a t e c o n s t a n t s and t h o s e which have 
been r e p o r t e d i n the l i t e r a t u r e appear t o be no worse than the d i s c r e p a n ­
c i e s which have been r e p o r t e d by o t h e r w o r k e r s . A compar i son o f the 
r a t e c o n s t a n t s which were de te rmined by DeTar^ and t h o s e which were 
1 o 6 D e L o s F, DeTar and A. R 0 B a l l e n t i n e , J . Am. Chem. S o c , , 7 8 , 3 9 1 6 ( 1 9 5 6 ) . 
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d e t e r m i n e d b y M o e l w y n - H u g h e s a n d J o h n s o n ' s h o w s a g e n e r a l d i s c r e p a n c y 
a m o u n t i n g t o a b o u t 3 p e r c e n t , i n s p i t e o f t h e i r e f f o r t s t o t a k e e v e r y 
r e a s o n a b l e p r e c a u t i o n c o n c e r n i n g t h e i r e x p e r i m e n t a l p r o c e d u r e a n d t e c h ­
n i q u e . T h e s e w o r k e r s c o u l d n o t e x p l a i n t h e r e a s o n f o r t h e s e d i s c r e p a n ­
c i e s . A s i m i l a r c o m p a r i s o n f o r t h e 4 - m e t h y l b e n z e n e d i a z o n i u m i o n , 
T a b l e 8 , a l s o r e v e a l s t h a t o u r r a t e c o n s t a n t s a g r e e w i t h t h e r a t e c o n ­
s t a n t w h i c h i s q u o t e d f r o m t h e l i t e r a t u r e , T a b l e 1, a n d t h a t t h e r e i s 
a g e n e r a l a g r e e m e n t b e t w e e n t h e r a t e c o n s t a n t s w h i c h w e r e c a l c u l a t e d 
b y o u r d i f f e r e n t m a t h e m a t i c a l m e t h o d s „ 
H o w e v e r , b o t h o u r r e s u l t s , T a b l e 9? a n d t h e r e s u l t s w h i c h a r e 
f o u n d i n t h e l i t e r a t u r e , T a b l e 1, i n d i c a t e t h a t t h e b e h a v i o r o f t h e 
4 - n i t r o b e n z e n e d i a z o n i u m i o n i n a c i d i c , a q u e o u s s o l u t i o n s i s n o t c o n ­
s i s t e n t w i t h t h e s i m p l e , i o n i c , p h e n y l c a t i o n p a t h w a y ' s b e i n g t h e o n l y 
i m p o r t a n t r e a c t i o n p a t h w a y . S p e c i f i c e x a m p l e s o f s u g g e s t e d f r e e r a d i c a l 
r e a c t i o n s w h i c h h a v e b e e n d i s c u s s e d i n C h a p t e r s I I a n d I I I i n c l u d e t h e 
r e a c t i o n s b e t w e e n t h i s d i a z o n i u m i o n a n d t h e b r o m i d e i o n i n t h e p r e s e n c e 
o f a c u p r o u s s a l t a s w e l l a s t h e r e a c t i o n w i t h h y p o p h o s p h o r o u s a c i d . 
T h e a c t i v a t i n g i n f l u e n c e o f t h e e l e c t r o n - w i t h d r a w i n g n i t r o f u n c t i o n 
t o w a r d s p o s s i b l e f r e e r a d i c a l r e a c t i o n s i s e m p h a s i z e d w h e n i t i s r e ­
p l a c e d b y t h e d i a z o n i u m f u n c t i o n . T h e 4 - p h e n y l e n e t e t r a z o n i u m i o n i s 
s a i d t o r e a c t w i t h t h e i o d i d e i o n b y a f r e e r a d i c a l p a t h w a y . O u r e x ­
p e r i m e n t a l e v i d e n c e w h i c h s u g g e s t s t h a t f r e e r a d i c a l r e a c t i o n s a r e 
r e s p o n s i b l e f o r s o m e o f o u r r e s u l t s i n c l u d e t h e s e n s i t i v i t y o f o u r e x ­
p e r i m e n t s t o o x i d i z i n g a g e n t s , s u c h a s m o l e c u l a r o x y g e n a n d h y d r o g e n 
p e r o x i d e , a n d o u r n o n r e p r o d u c i b l e k i n e t i c r e s u l t s f o r w h a t s h o u l d h a v e 
b e e n i d e n t i c a l e x p e r i m e n t a l c o n d i t i o n s . H o w e v e r , i n a d d i t i o n t o t h e 
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s imp le p h e n y l c a t i o n pathway and a t t h i s t ime some u n d e f i n e d f r e e r a d i c a l 
pa thway, our e x p e r i m e n t a l r e s u l t s a l s o s u g g e s t t ha t complex f o r m a t i o n s 
and a b i m o l e c u l a r r e a c t i o n c o u l d a l s o be impor tan t w i t h r e a c t i o n s o f 
the 4—nit robenzenediazonium i o n . I f equ imo la r c o n c e n t r a t i o n s o f a c e t i c 
a c i d and sodium a c e t a t e a re u sed as the b u f f e r i n d e o x y g e n a t e d s o l u t i o n s , 
4 - n i t r o p h e n y l a c e t a t e i s p r o d u c e d i n a h i g h y i e l d . T h i s p r o d u c t c o u l d 
a r i s e f rom a b i m o l e c u l a r a t t a c k on t he d i azon ium i o n by t he a c e t a t e 
a n i o n o r f rom the i n t e r m e d i a t e 4 - - n i t r o b e n z e n e d i a z o a c e t a t e which c o u l d 
r e a r r a n g e t o t h e p r o d u c t b y a s ix-membered r i n g t r a n s i t i o n s t a t e w i t h 
the l o s s o f n i t r o g e n . Such a rear rangement has been s u g g e s t e d f o r t he 
r e a c t i o n o f d i azon ium s a l t s w i t h p o t a s s i u m e t h y l x a n t h a t e . Our k i n e t i c 
expe r imen t s which u sed t he i o d i d e i o n d i s c r e d i t a s i m p l e b i m o l e c u l a r 
a t t a c k by i o d i d e on t he d i azon ium i o n . When t h i s a n i o n was added t o 
t h e r e a c t i o n s o l u t i o n , then a d e c r e a s e i n t he f i r s t - o r d e r r a t e c o n s t a n t 
w i t h r e s p e c t t o the d iazon ium s a l t was o b s e r v e d . A l t h o u g h our r e s u l t s 
do no t p e r m i t u s t o d e f i n e c l e a r l y t h i s r e a c t i o n , a r e a s o n a b l e pathway 
would i n v o l v e an i n i t i a l complex f o r m a t i o n t o fo rm the 4 - n i t r o b e n z e n e d i a -
z o i o d i d e i n t e r m e d i a t e which then g i v e s the o b s e r v e d p r o d u c t e i t h e r b y 
a t t a c k o f a s e c o n d i o d i d e i o n o r a c y c l i c r ea r rangement . Our k i n e t i c 
expe r imen t s w i t h 4 - -me thoxyd imethy lan i l ine and 4 - d i m e t h y l n i t r o a n i l i n e s 
a l s o s u g g e s t t h e impor t ance o f complex f o r m a t i o n s w i t h t h i s d i azon ium 
i o n by t h e d e c r e a s e i n t he r a t e o f d e c o m p o s i t i o n which was o b s e r v e d i n 
t h e i r p r e s e n c e . 
I n summary, t h e n , s e v e r a l d i f f e r e n t r e a c t i o n pathways a r e a v a i l a b l e 
t o t h e 4 - n i t r o b e n z e n e d i a z o n i u m s a l t i n a c i d i c , aqueous s o l u t i o n s . Th i s 
v a r i e t y o f r e a c t i o n pathways and t he i n f l u e n c e o f p o s s i b l e c o m p l e x i n g 
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a g e n t s c o u l d e x p l a i n our n o n r e p r o d u e i b l e k i n e t i c r e s u l t s . S p e c i f i c 
examples o f t h e s e d i s c r e p a n c i e s may be found by comparing t h e r a t e 
c o n s t a n t s which a r e g i v e n f o r t h e l a s t two exper iments f o r t h i s d iazonium 
s a l t i n T a b l e 9-. Both o f t h e s e exper iments were per formed i n monobasic 
p o t a s s i u m phosphate b u f f e r e d s o l u t i o n s whose b u f f e r c o n c e n t r a t i o n s 
were 0 o Q 1 M 0 There i s not a good c o r r e l a t i o n between t h e r a t e c o n s t a n t s 
which were c a l c u l a t e d by t h e e l e v e n d i f f e r e n t mathemat ica l methods f o r 
a s i n g l e e x p e r i m e n t . The b e s t c o r r e l a t i o n s are found between t h e r a t e 
c o n s t a n t s which r e l y on n e i t h e r t h e i n i t i a l nor t h e i n f i n i t y v a l u e s , 
t h a t i s , Methods g through j | the l a s t method, k , a l e a s t s q u a r e s method, 
does not r e l y on e i t h e r of t h e s e q u a n t i t i e s , but i t i s i n poor agreement 
w i t h t h e o t h e r r e s u l t s . There i s no apparent r e a s o n f o r t h i s d i s c r e p a n c y , 
s i n c e t h i s method did g i v e r e l i a b l e r e s u l t s w i t h t h e u n s u b s t i t u t e d d i a z o ­
nium i o n , A comparison of t h e r a t e c o n s t a n t s which were c a l c u l a t e d by 
Methods g through j w i t h t h e r a t e c o n s t a n t which i s found i n T a b l e 1 
shows t h a t our r a t e c o n s t a n t s d i f f e r from t h e one which was found by 
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C r o s s e l y , K i e n l e and Eenbrook by a p p r o x i m a t e l y a f a c t o r o f t e n . Some 
p o s s i b l e r e a s o n s f o r t h i s d i s c r e p a n c y a r e t h a t t h e workers u s e d t h e 
e v o l u t i o n o f n i t r o g e n w h i l e we used a s p e c t r o p h o t o m e t r i c method as t h e 
e x p e r i m e n t a l means f o r a c c u m u l a t i n g t h e data which a r e n e c e s s a r y f o r the 
c a l c u l a t i o n of t h e r a t e c o n s t a n t s , t h a t t h e y u s e d h i g h e r c o n c e n t r a t i o n s 
o f t h e d iazonium s a l t s than we d i d a n d , t h e r e f o r e , our s t u d i e s would be 
e x p e c t e d t o be more s e n s i t i v e t o the p r e s e n c e o f o t h e r compounds, and 
t h a t t h e g H ' s of t h e r e a c t i o n s o l u t i o n s were d i f f e r e n t . Our e x p e r i m e n t s 
were performed a t pH 5 ? w h i l e t h e i r s were performed a t pH 1 . 2 . A c l e a r , 
c o n c i s e d e s c r i p t i o n i s not p o s s i b l e a t t h i s t ime f o r t h e r e a c t i o n pathways 
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which a re r e s p o n s i b l e f o r t h e s e e x p e r i m e n t a l r e s u l t s , but b o t h our e x ­
p e r i m e n t a l r e s u l t s and t h o s e which a re found i n the l i t e r a t u r e c l e a r l y 
show tha t n e i t h e r the s i m p l e , i o n i c , p h e n y l c a t i o n pathway nor the 
m o d i f i c a t i o n s which have been s u g g e s t e d by Lewis and Ta f t a re s u f f i c i e n t 
t o e x p l a i n t h e e x p e r i m e n t a l r e s u l t s . 
The b e h a v i o r o f the 4—methoxybenzenediazonium t e t r a f l u o r o b o r a t e 
has no t been i n v e s t i g a t e d as e x t e n s i v e l y as the 4 - n i t r o b e n z e n e d i a z o n i u m 
s a l t . However, our e x p e r i m e n t a l r e s u l t s f o r t h i s d i azon ium s a l t a l s o 
show many d i s c r e p a n c i e s . Our r a t e c o n s t a n t s which a re r e p o r t e d i n 
T a b l e 10 show p o o r agreement i n t he same f a s h i o n s wh ich were d i s c u s s e d 
f o r t he 4 - n i t r o b e n z e n e d i a z o n i u m s a l t . A compar i son o f our r a t e c o n s t a n t s 
w i t h the one found i n Tab le 1 i n d i c a t e s t ha t our r e a c t i o n s were f a s t e r 
by a p p r o x i m a t e l y a f a c t o r o f t e n . However, some o f our more r e c e n t 
exper imen t s showed tha t t h i s d i azon ium s a l t has a remarkable r e s i s t a n c e 
t o d e c o m p o s i t i o n under our r e f i n e d e x p e r i m e n t a l c o n d i t i o n s , w h i l e some 
o f our e a r l i e r expe r imen t s showed a marked r a t e enhancement . The 
r e a s o n s f o r t h i s b e h a v i o r a re no t apparent a t t h i s t i m e , but our r e ­
s u l t s s u g g e s t t ha t the a c c e p t e d r e a c t i o n pathway f o r the d e c o m p o s i t i o n 
o f t h i s d i azon ium s a l t i n a c i d i c , aqueous s o l u t i o n s must be r e - e x a m i n e d . 
Impor tant f a c t o r s which s h o u l d be i n c l u d e d i n such an i n v e s t i g a t i o n 
i n c l u d e the p r e s e n c e o f t r a c e amounts o f o t h e r compounds and the 
p u r i t y o f t he d i azon ium s a l t and the r e a c t i o n medium. 
U l t r a v i o l e t S p e c t r a S t u d i e s 
The e x p e r i m e n t a l r e s u l t s which were o b t a i n e d f rom our TMPD s t u d i e s 
as w e l l as our k i n e t i c and p r o d u c t s t u d i e s i n d i c a t e t h a t p o s s i b i l i t i e s 
o f complex f o r m a t i o n s between the d iazon ium s a l t s and o t h e r compounds 
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a re v e r y i m p o r t a n t . These c o m p l e x f o r m a t i o n s can i n f l u e n c e t h e c h o i c e 
o f t he r e a c t i o n pathway by i n i t i a t i n g a f r e e r a d i c a l c h a i n r e a c t i o n , by 
fo rming a s e c o n d , s t a b l e compound i n an e q u i l i b r i u m w i t h t he b e n z e n e -
d iazon ium i o n , and by h o l d i n g t h e r e a c t i n g s p e c i e s i n an i d e a l p o s i t i o n 
s o t h a t f u r t h e r r e a c t i o n can o c c u r . These complexes can be formed by 
the t e r m i n a l n i t r o g e n o f the d i azon ium f u n c t i o n a c t i n g as an a c i d t o 
fo rm a sigma c o m p l e x o r by t he p i e l e c t r o n s o f t he a r o m a t i c n u c l e u s o f 
the benzened iazon ium s a l t i n t e r a c t i n g w i t h t he p i e l e c t r o n s o f ano the r 
a r o m a t i c compound t o fo rm a p i c o m p l e x . 
S p e c i f i c examples o f each o f t h e s e p o s s i b i l i t i e s f rom the l i t e r a ­
t u r e which has been d i s c u s s e d i n Chapters I I and I I i n c l u d e the r e a c t i o n 
be tween d i azon ium s a l t s and the a c e t a t e a n i o n i n d e o x y g e n a t e d , m e t h a n o l i c 
s o l u t i o n s , t he r e a c t i o n between the d iazon ium s a l t s and the i o d i d e i o n 
and t h i o p h e n o l , the e q u i l i b r i a which can be e s t a b l i s h e d between the 
s u b s t i t u t e d benzened iazon ium s a l t s and the h y d r o x i d e , the s u l f i t e and 
t he c y a n i d e a n i o n s , t he sigma complexes which can be formed between 
benzened iazon ium s a l t s and the i o n s o f t he t r a n s i t i o n e l emen t s and the 
pjL complex which can be formed be tween TMPD and 1 , 4 - d i n i t r o b e n z e n e . 
S p e c i f i c examples f rom our e x p e r i m e n t a l r e s u l t s wh ich i l l u s t r a t e the 
impor t ance o f t h e s e i n t e r a c t i o n s i n c l u d e t he i d e n t i f i c a t i o n o f 4 - n i t r o -
p h e n y l a c e t a t e as t h e p r i n c i p a l p r o d u c t f rom the d e c o m p o s i t i o n o f t he 
4 - n i t r o b e n z e n e d i a z o n i u m s a l t i n d e o x y g e n a t e d , a c e t a t e b u f f e r e d s o l u t i o n s , 
t he d e c r e a s e i n the r a t e o f d e c o m p o s i t i o n o f the 4 - n i t r o b e n z e n e d i a z o n i u m 
s a l t which i s o b s e r v e d when t h e i o d i d e i o n , 4 ~ m e t h o x y d i m e t h y l a n i l i n e , 
o r 4 » d i m e t h y l n i t r o a n i l i n e i s added t o t he aqueous s o l u t i o n , our n o n r e -
p r o d u c i b l e k i n e t i c r a t e c o n s t a n t s , and the v e r y r a p i d r e a c t i o n which i s 
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o b s e r v e d between TMPD and the benzened iazon ium s a l t s . The impor tance 
o f complex f o r m a t i o n i n t he r e a c t i o n between the benzened iazon ium s a l t s 
and TMPD c o u l d i n v o l v e no t o n l y an i n i t i a l e l e c t r o n t r a n s f e r but a l s o 
t he s t a b i l i z a t i o n o f the i n t e r m e d i a t e r e a c t i n g s p e c i e s . 
Our f i r s t e x p e r i m e n t a l app roaches d e s i g n e d t o accumula te q u a l i t a ­
t i v e data f o r the e x i s t e n c e o f complexes c o n s i s t e d o f a d i r e c t examina t ion 
o f t h e u l t r a v i o l e t a b s o r p t i o n s p e c t r a o f the r e a c t i o n s o l u t i o n s and by an 
a n a l y s i s o f our k i n e t i c d a t a . The d i r e c t examina t ions o f the u l t r a v i o l e t 
s p e c t r a f a i l e d t o r e v e a l d i f f e r e n c e s which c o u l d be a t t r i b u t e d t o a 
complex f o r m a t i o n i n a q u a l i t a t i v e f a s h i o n . The r e a s o n s f o r t h i s f a i l u r e 
were tha t the base l i n e o f the s p e c i a l qua r t z c e l l s which were u s e d i n 
t he d e o x y g e n a t i n g p r o c e s s showed l a r g e d e v i a t i o n s i n the u l t r a v i o l e t 
r e g i o n , tha t the s p e c t r a o f the s o l u t i o n s were v e r y c o m p l e x , p a r t i c u l a r l y 
w i t h t he TMPD s t u d i e s , and tha t t he i n i t i a l r e a c t i o n s between TMPD and 
the benzened iazon ium s a l t s were t o o r a p i d t o a l l o w the r e c o r d i n g o f the 
s p e c t r a o f the s o l u t i o n s b e f o r e e x t e n s i v e r e a c t i o n had o c c u r r e d . The 
a n a l y s i s o f the k i n e t i c da ta f a i l e d because t h e s e da ta were no t s u f f i ­
c i e n t l y r e p r o d u c i b l e f o r what were supposed t o be i d e n t i c a l e x p e r i m e n t a l 
c o n d i t i o n s . Because t h e s e d i r e c t approaches f a i l e d t o y i e l d any e x p e r i ­
menta l e v i d e n c e f o r complex f o r m a t i o n s , we u n d e r t o o k a b r i e f i n v e s t i g a t i o n 
t o de te rmine i f e x p e r i m e n t a l e v i d e n c e c o u l d be found f o r a sigma complex 
be tween the d iazon ium s a l t s and the b u f f e r s and i f e x p e r i m e n t a l e v i d e n c e 
c o u l d be found f o r a p i complex be tween the d iazon ium s a l t s and the l e s s 
p o w e r f u l , a r o m a t i c , r e d u c i n g a g e n t s . 
Tab le 11 g i v e s our e x p e r i m e n t a l r e s u l t s o f our a t t empts t o f i n d 
e x p e r i m e n t a l e v i d e n c e f o r complex f o r m a t i o n s between t he b u f f e r s , t he 
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i o d i d e i o n and t he benzened iazon ium s a l t s . We employed t he same e x -
81 
p e r i m e n t a l t e c h n i q u e which was u s e d by Lewis i n h i s s t u d i e s w i t h 
t he h y d r o x i d e , t h e s u l f i t e , and t he c y a n i d e a n i o n s . He found l a r g e 
s h i f t s i n the p o s i t i o n s o f t he a b s o r p t i o n peaks as w e l l as l a r g e 
changes i n t h e i r e x t i n c t i o n c o e f f i c i e n t s which he a t t r i b u t e d t o t h e 
f o r m a t i o n o f b e n z e n e d i a z o compounds. However, we o b s e r v e d changes 
o n l y i n t he e x t i n c t i o n c o e f f i c i e n t s f o r t he e x p e r i m e n t s . T h e r e f o r e , 
i t was n o t p o s s i b l e f o r us t o c a l c u l a t e e q u i l i b r i u m c o n s t a n t s as Lewis 
d i d i n h i s s t u d i e s . To minimize our e x p e r i m e n t a l e r r o r s i n r e c o r d i n g 
the s p e c t r a o f the s o l u t i o n s we u s e d a matched p a i r o f one c m . , g l a s s -
s t o p p e r e d , Beckman q u a r t z c e l l s i n p l a c e o f t h e s p e c i a l q u a r t z c e l l s 
which were made f o r the d e o x y g e n a t i n g appa ra tuses and r e c o r d e d the 
s p e c t r a as q u i c k l y as was e x p e r i m e n t a l l y p o s s i b l e a f t e r mix ing the r e ­
a c t a n t s . We f e e l , t h e r e f o r e , t ha t t h e d i f f e r e n c e s i n the e x t i n c t i o n 
c o e f f i c i e n t s which a re g r e a t e r than 10 p e r c e n t a re s i g n i f i c a n t f o r 
s o l u t i o n s o f the same pH. 
An e x a m i n a t i o n o f t he data g i v e n i n Tab le 11 i n d i c a t e s t h a t t he 
u n s u b s t i t u t e d and t he 4--methylbenzenediazonium s a l t s a re no t g r e a t l y 
a f f e c t e d by the p r e s e n c e o f the o t h e r compounds. These o b s e r v a t i o n s 
a g r e e w i t h our k i n e t i c and p r o d u c t s t u d i e s . 
The e x t i n c t i o n c o e f f i c i e n t s o f t h e o t h e r d i azon ium s a l t s i n the 
p o t a s s i u m i o d i d e s o l u t i o n s show a r e l a t i o n s h i p f o r t h e ^ - s u b s t i t u t e d 
h a l o - and n i t r o b e n z e n e d i a z o n i u m s a l t s . These e x t i n c t i o n c o e f f i c i e n t s 
f o r the i o d i d e s o l u t i o n s , Column 5 ? s h o u l d be compared w i t h t he 
e x t i n c t i o n ' c o e f f i c i e n t s which were found f o r the d i azon ium s a l t s i n 
s o l u t i o n s o f the same pH but i n t h e absence o f the p o t a s s i u m i o d i d e , 
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C o l u m n 1 . T h e 4 - i o d o b e n z e n e d i a z o n i u m s a l t s o l u t i o n s h o w s a m a r k e d d e ­
c r e a s e i n i t s e x t i n c t i o n c o e f f i c i e n t . T h e 4 - h r o m o b e n z e n e d i a z o n i u m s a l t 
s h o w s a s i m i l a r , b u t s m a l l e r , d e c r e a s e . T h e 4 - s u b s t i t u t e d c h l o r o - , 
n i t r o - a n d m e t h o x y b e n z e n e d i a z o n i u m s a l t s s h o w a n i n c r e a s e i n t h e i r 
e x t i n c t i o n c o e f f i c i e n t s . T h i s o r d e r f o r t h e c h a n g e s i n t h e e x t i n c t i o n 
c o e f f i c i e n t s i s t h e s a m e o r d e r a s t h e i n c r e a s i n g e l e c t r o n e g a t i v i t i e s 
o f t h e h a l o a n d t h e n i t r o f u n c t i o n s . T h e f a c t t h a t t h e n i t r o a n d 
m e t h o x y f u n c t i o n s d o n o t f i t n i c e l y i n t o , t h i s s c h e m e c o u l d b e r e l a t e d 
t o t h e m a n n e r i n w h i c h t h e y s t a b i l i z e t h e d i a z o n i u m f u n c t i o n . T h e 
n i t r o f u n c t i o n i s e l e c t r o n - w i t h d r a w i n g , w h i l e t h e m e t h o x y f u n c t i o n i s 
e l e c t r o n - d o n a t i n g t o w a r d s t h e d i a z o n i u m f u n c t i o n . 
T h e i n f l u e n c e o f t h e a c e t a t e i o n i s s h o w n b y t h e c o m p a r i s o n s 
o f t h e e x t i n c t i o n c o e f f i c i e n t s w h i c h a r e f o u n d i n C o l u m n s 1 a n d 4 a s 
w e l l a s C o l u m n s 2 a n d 3 . T h e f i r s t c o m p a r i s o n i s f o r s o l u t i o n s o f 
pH 5 . 0 a n d i t i n d i c a t e s t h a t t h e r e i s a g e n e r a l i n c r e a s e i n t h e e x ­
t i n c t i o n c o e f f i c i e n t s f o r t h e 4 - s u b s t i t u t e d h a l o - a n d m e t h o x y b e n z e n e -
d i a z o n i u m s a l t s b u t t h a t t h e 4 - n i t r o b e n z e n e d i a z o n i u m s a l t s h o w s a d e ­
c r e a s e „ T h e s e c h a n g e s i n t h e e x t i n c t i o n c o e f f i c i e n t s a r e c o n s i s t e n t 
w i t h e q u i l i b r i a o f pH 5 . 0 e s t a b l i s h e d i n t h e s e s o l u t i o n s . T h e s e 
e q u i l i b r i a p r o b a b l y i n v o l v e t h e b e n z e n e d i a z o n i u m i o n s r e v e r s i b l y r e ­
a c t i n g w i t h t h e a c e t a t e a n i o n t o f o r m a b e n z e n e d i a z o a c e t a t e . T h e 
s e c o n d c o m p a r i s o n s h o w s t h a t t h e r e a r e o n l y s m a l l d i f f e r e n c e s i n t h e 
e x t i n c t i o n c o e f f i c i e n t s i n t h e s e m o r e a c i d i c s o l u t i o n s a n d , t h e r e f o r e , 
t h e e q u i l i b r i u m c o n s t a n t s f o r t h e f o r m a t i o n o f t h e b e n z e n e d i a z o a c e t a t e s 
i n t h e s e s o l u t i o n s a r e p r o b a b l y v e r y s m a l l . T h i s i n t e r p r e t a t i o n i s 
c o n s i s t e n t w i t h o u r e x p e r i m e n t a l r e s u l t s a n d t h o s e w h i c h h a v e b e e n 
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r e p o r t e d i n t h e l i t e r a t u r e . O u r e x p e r i m e n t a l r e s u l t s s h o w t h a t t h e 
p r e s e n c e o f t h e a c e t a t e a n i o n w a s i m p o r t a n t f o r t h e s t u d i e s w h i c h u s e d 
t h e 4 - n i t r o b e n z e n e d i a z o n i u m s a l t b u t t h a t i t w a s n o t i m p o r t a n t w i t h t h e 
u n s u b s t i t u t e d b e n z e n e d i a z o n i u m s a l t . T h e r e s u l t s o f o t h e r w o r k e r s s h o w 
t h a t t h e p r e s e n c e o f t h e a c e t a t e a n i o n i s i m p o r t a n t i n b a s i c , a q u e o u s 
o r m e t h a n o l i c s o l u t i o n s , b u t t h e r e i s n o e v i d e n c e i n t h e l i t e r a t u r e 
t h a t b e n z e n e d i a z o a c e t a t e i s f o r m e d f r o m t h e a c e t a t e a n i o n a n d t h e 
b e n z e n e d i a z o n i u m s a l t i n a c i d i c , a q u e o u s s o l u t i o n s . H o w e v e r , t h e f o r m a ­
t i o n o f t h e s e d i a z o c o m p o u n d s e v e n i n s m a l l c o n c e n t r a t i o n s i n o u r 
s t u d i e s i s i m p o r t a n t b e c a u s e t h e d e c o m p o s i t i o n o f s u c h c o m p o u n d s i n 
b a s i c s o l u t i o n s i s k n o w n t o p r o d u c e r a d i c a l s p e c i e s a n d b e c a u s e t h e 
f o r m a t i o n o f s u c h c o m p o u n d s e f f e c t i v e l y r e d u c e s t h e c o n c e n t r a t i o n o f t h e 
b e n z e n e d i a z o n i u m i o n w h i c h i s u s u a l l y c o n s i d e r e d t o b e t h e r e a c t i n g 
s p e c i e s i n a c i d i c , a q u e o u s s o l u t i o n s . 
A f t e r t h e i n v e s t i g a t i o n o f t h e p o s s i b i l i t i e s t h a t t h e a c e t a t e a n d 
i o d i d e a n i o n s c a n f o r m s i g m a c o m p l e x e s w i t h t h e b e n z e n e d i a z o n i u m s a l t s , 
we t u r n e d o u r a t t e n t i o n t o t h e p o s s i b i l i t y t h a t t h e b e n z e n e d i a z o n i u m 
s a l t s c a n f o r m p i c o m p l e x e s w i t h t h e 4 - d i m e t h y l m e t h o x y a n i l i n e . O u r 
k i n e t i c s t u d i e s , w h i c h u s e d t h e 4 - n i t r o b e n z e n e d i a z o n i u m s a l t a n d t h e s e 
t w o t e r t i a r y , a r o m a t i c a m i n e s , i n d i c a t e d t h a t pjL c o m p l e x e s a r e f o r m e d 
w i t h o u t t h e r a p i d r e d u c t i o n w h i c h w a s o b s e r v e d i n o u r TMPD s t u d i e s . 
T h e e x p e r i m e n t a l a n d m a t h e m a t i c a l m e t h o d s a r e w e l l k n o w n f o r d e t e r m i n i n g 
b o t h t h e e x t i n c t i o n c o e f f i c i e n t s , e ^ ^ , a n d t h e e q u i l i b r i u m c o n s t a n t s , 
K B A * f o r t h e m o ^ e c u l a r c o m p l e x e s w h i c h w o u l d b e e x p e c t e d t o b e 
f o r m e d i n o u r s t u d i e s . ^ T h e s e m e t h o d s c o n s i s t e d o f m a k i n g u p s e v e r a l 
s o l u t i o n s o f t h e t w o r e a c t a n t s , w h o s e i n i t i a l c o n c e n t r a t i o n s o f t h e 
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benzened iazon ium s a l t , BD, and t he t e r t i a r y , a r o m a t i c amine, TA, were 
d i f f e r e n t . The a b s o r p t i o n , d , o f the new peak wh ich i s due t o t h e 
complex i s r e c o r d e d and then BD/d i s p l o t t e d v e r s u s 1 /TA f o r s e v e r a l 
s o l u t i o n s . From the s l o p e and the i n t e r c e p t o f t h i s p l o t , t he e x t i n c ­
t i o n c o e f f i c i e n t and t he e q u i l i b r i u m c o n s t a n t can be o b t a i n e d f rom Eq. 
2 3 . 
ED _ J 1 
d " e BA ( K B A ) ( e B A ) ( T A ) 
The s u c c e s s f u l u s e o f Eq. 2 3 depends on the e x i s t e n c e o f a l a r g e 
d i f f e r e n c e i n t he i n i t i a l c o n c e n t r a t i o n s o f t he benzened iazon ium s a l t 
and the t e r t i a r y , a r o m a t i c amine . However , t h e s e amines a re n o t s u f ­
f i c i e n t l y s o l u b l e i n an a c i d i c , aqueous s o l u t i o n t o meet t h i s r e q u i r e ­
ment and, t h e r e f o r e , we were unab l e t o o b t a i n q u a n t i t a t i v e data f o r 
t h e s e p o s s i b l e complex f o r m a t i o n s under our a c i d i c , aqueous e x p e r i m e n t a l 
c o n d i t i o n s . F i g u r e s 3 t h rough 8 do o f f e r q u a l i t a t i v e data f o r such 
c o m p l e x e s . 
N u c l e a r Magne t i c Resonance S t u d i e s 
The i n t e r p r e t a t i o n o f t he r e s u l t s o f the n u c l e a r magne t i c 
r e s o n a n c e s t u d i e s i s made ambiguous f o r s e v e r a l r e a s o n s . The s e n s i ­
t i v i t y o f t h e V a r i a n A-60 r e q u i r e d t ha t h i g h c o n c e n t r a t i o n s o f the 
d i azon ium s a l t s and the p o t e n t i a l c o m p l e x i n g agen t be u s e d . S i n c e the 
c o m p l e x i n g agen t s a re o f low s o l u b i l i t y i n w a t e r , a c e t o n e - d ^ was s e ­
l e c t e d as the medium f o r the s p e c t r a l s t u d i e s , and the change i n the • 
s o l v e n t changed the environment o f t h e r e a c t i o n , making a d i r e c t com­
p a r i s o n i m p o s s i b l e between t h e s e s t u d i e s and our o t h e r s t u d i e s . A l t h o u g h 
(Eq. 2 3 ) 
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t e c h n i q u e s w h i c h e m p l o y u l t r a v i o l e t a n d i n f r a r e d s p e c t r a u s u a l l y s h o w 
d e f i n i t e p e a k s f o r t h e r e a c t a n t s a s w e l l a s f o r t h e p r o d u c t s , t h e p e a k s 
w h i c h a r e o b s e r v e d i n a n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m m a y b e d u e 
t o a t i m e - a v e r a g e d p h e n o m e n o n , a n d , t h e r e f o r e , t h e a s s i g n m e n t o f t h e s e 
p e a k s t o a p a r t i c u l a r s p e c i e s i s v e r y d i f f i c u l t . F u r t h e r m o r e , t h e 
c a l i b r a t i o n o f t h e c h a r t p a p e r w i t h r e s p e c t t o t h e c h e m i c a l s h i f t s i s 
m a d e d i f f i c u l t b e c a u s e t h e V a r i a n A-60 w i l l d r i f t o v e r l o n g p e r i o d s o f 
t i m e . 
C o m p a r i s o n s o f t h e c h e m i c a l s h i f t s w h i c h a r e f o u n d i n T a b l e 1 2 
f o r t h e m i x t u r e s w i t h t h e c h e m i c a l s h i f t s f o r t h e d i a z o n i u m s a l t s , 
T a b l e 1 3 , a n d t h e c o m p l e x i n g r e a g e n t s , T a b l e H , i n s e p a r a t e s o l u t i o n , 
s h o w w h a t a p p e a r s t o b e a r e a l c h a n g e i n t h e s p e c t r a u p o n m i x i n g t h e 
r e a c t a n t s , i n s e v e r a l i n s t a n c e s . T h e s h i f t s a r e g e n e r a l l y s m a l l , a n d 
i t i s d i f f i c u l t t o e s t a b l i s h a c r i t e r i o n a s t o w h e t h e r t h e s e s h i f t s 
r e a l l y r e p r e s e n t a c o m p l e x f o r m a t i o n o r m e r e l y r e f l e c t t h e c h a n g e i n 
s o m e o t h e r e x p e r i m e n t a l f a c t o r s u c h a s t h e c h a n g e i n t h e e n v i r o n m e n t o f 
t h e r e a c t a n t s . T h e f a c t t h a t a n a s s o c i a t i o n o f s o m e d e s c r i p t i o n d o e s 
o c c u r i n s o m e o f t h e s o l u t i o n s i s i n d i c a t e d b y t h e c h e m i c a l r e a c t i o n s 
w h i c h a r e o b s e r v e d w h e n e i t h e r 4 - - m e t h o x y d i m e t h y l a n i l i n e o r TMPD i s a d d e d 
t o t h e s e a c e t o n e - d ^ d i a z o n i u m s a l t s o l u t i o n s , a n d b y t h e l i n e - b r o a d e n i n g 
o f t h e 4 - m e t h o x y d i m e t h y l a n i l i n e p e a k s , i n d i c a t i n g t h e f o r m a t i o n o f f r e e 
r a d i c a l s i n s o l u t i o n , w h i c h i s o b s e r v e d w h e n t h i s c o m p l e x i n g r e a g e n t i s 
a d d e d t o a d i l u t e , d e u t e r o c h l o r o f o r m s o l u t i o n o f 4 - m e t h o x y b e n z e n e d i a z o n i u m 
t e t r a f l u o r o b o r a t e . 
C o m p a r i s o n s o f t h e c h e m i c a l s h i f t s f o r t h e d i a z o n i u m s a l t s , T a b l e 
1 3 , w i t h t h e c h e m i c a l s h i f t s f o r t h e c o r r e s p o n d i n g n i t r o c o m p o u n d s , 
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Tab le 15? t r i a z e n e s , Tab le 16 , and a n i l i n e s , Tab l e 1 7 , r e v e a l t ha t t he 
e x p e c t e d t r e n d s i n the c h e m i c a l s h i f t s do e x i s t w i t h t h e d e c r e a s e i n 
t he e l e c t r o n e g a t i v i t i e s o f the group which r e p l a c e s t he d i azon ium 
g r o u p . A b r i e f i n v e s t i g a t i o n was c o n d u c t e d t o de te rmine i f meaningfu l 
q u a n t i t a t i v e c o r r e l a t i o n s c o u l d be found such as the c o r r e l a t i o n s which 
were found t o e x i s t between the Hammett, s u b s t i t u e n t , sigma c o n s t a n t s 
79 
and t he n i t r o g e n - n i t r o g e n bond s t r e t c h i n g f r e q u e n c i e s . However, our 
i n v e s t i g a t i o n r e v e a l e d no such u s e f u l c o r r e l a t i o n s . S i n c e n u c l e a r mag­
n e t i c r e s o n a n c e phenomena g e n e r a l l y do no t c o r r e l a t e w i t h such s imple 
r e l a t i o n s h i p s , t h i s r e s u l t was n o t s u r p r i s i n g . 
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C H A P T E R V I I I 
C O N C L U S I O N S 
O u r e x p e r i m e n t a l w o r k h a s s h o w n t h a t a v e r y r a p i d , i n i t i a l , p r o ­
d u c t i o n o f t h e r a d i c a l o a t i o n , T M P D ^ , o c c u r s f o r t h e r e a c t i o n b e t w e e n 
T M P D a n d a l l o f t h e d i a z o n i u m s a l t s w h i c h w e r e i n v e s t i g a t e d , T h e e x a c t 
p a t h w a y w h i o h t h i s i n i t i a l r e a c t i o n f o l l o w s d e p e n d s o n t h e d i a z o n i u m 
s a l t , t h e p H o f t h e s o l u t i o n , a n d t h e p r o c e d u r e w h i c h w a s u s e d t o p r e ­
p a r e t h e s o l u t i o n s a n d , t h e r e f o r e , o u r a b i l i t y t o r e m o v e e x t r a n e o u s 
c o m p o u n d s , p a r t i c u l a r l y m o l e c u l a r o x y g e n . A f t e r t h i s r a p i d , i n i t i a l 
r e a c t i o n a s e c o n d s e q u e n c e o f c o m p l e x r e a c t i o n s o c c u r s . T h e i m p o r t a n t 
f a c t o r s w h i c h i n f l u e n c e t h e s e s e c o n d a r y r e a c t i o n s i n c l u d e t h e o n e s 
w h i c h a r e l i s t e d f o r t h e i n i t i a l r e a c t i o n a s w e l l a s t h e p r e s e n c e o f t h e 
r a d i c a l c a t i o n , T M P D ^ , a n d t h e p r e s e n c e o f t h e p h e n o l w h i c h i s f o r m e d 
f r o m t h e d i a z o n i u m s a l t . T h e s e n s i t i v i t y o f t h i s r e a c t i o n t o i t s r e ­
a c t i o n m e d i u m , o u r n o n r e p r o d u c i b l e k i n e t i c r e s u l t s , a n d t h e r a p i d r a t e 
o f r e a c t i o n s u g g e s t t h a t t h e s e r e a c t i o n s o c c u r p r e d o m i n a n t l y b y f r e e 
r a d i c a l r e a c t i o n p a t h w a y s . H o w e v e r , o u r e x p e r i m e n t a l d a t a d o n o t p e r m i t 
u s t o c l e a r l y d e f i n e t h e r e a c t i o n p a t h w a y s a t t h i s t i m e . 
B o t h o u r k i n e t i c a n d p r o d u c t s t u d i e s a n d a c l o s e e x a m i n a t i o n o f 
t h o s e s t u d i e s w h i c h a r e r e p o r t e d i n t h e l i t e r a t u r e i n d i c a t e t h a t t h e 
d e c o m p o s i t i o n o f t h e d i a z o n i u m s a l t s i n a c i d i c , a q u e o u s s o l u t i o n s a r e 
n o t s i m p l e n o r a s w e l l u n d e r s t o o d a s t h e s e r e a c t i o n s a r e g e n e r a l l y * c o n ­
s i d e r e d t o b e . W h i l e t h e s i m p l e p h e n y l c a t i o n r e a c t i o n p a t h w a y a p p e a r s 
t o d e s c r i b e t h e r e a c t i o n p a t h w a y a d e q u a t e l y f o r t h e u n s u b s t i t u t e d a n d 
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t h e 4 - m e t h y l b e n z e n e d i a z o n i u m s a l t s , n e i t h e r t h i s s i m p l e p h e n y l c a t i o n 
p a t h w a y n o r t h e m o d i f i c a t i o n s w h i c h h a v e b e e n s u g g e s t e d b y L e w i s a n d 
T a f t a d e q u a t e l y d e s c r i b e t h e r e a c t i o n ' p a t h w a y s f o r t h e s u b s t i t u t e d b e n ­
z e n e d i a z o n i u m s a l t s w h i c h w e c o n s i d e r e d i n o u r s t u d i e s . A t t h i s t i m e 
i t i s n o t p o s s i b l e t o g i v e a c l e a r , c o n c i s e d e s c r i p t i o n o f t h e r e a c t i o n 
p a t h w a y s w h i c h a r e r e s p o n s i b l e f o r t h e o b s e r v e d b e h a v i o r o f t h e s u b s t i ­
t u t e d b e n z e n e d i a z o n i u m s a l t s , a l t h o u g h t h e e x p e r i m e n t a l r e s u l t s s t r o n g l y 
s u g g e s t t h a t f r e e r a d i c a l r e a c t i o n p a t h w a y s a n d p o s s i b l y c o m p l e x f o r m a ­
t i o n s a n d t h e n a t u r e o f t h e r e s o n a n c e i n t e r a c t i o n s b e t w e e n t h e d i a z o n i u m 
f u n c t i o n a n d t h e o t h e r s u b s t i t u e n t i n t h e p a r a p o s i t i o n m u s t b e c o n s i d e r e d 
a s i m p o r t a n t f a c t o r s f o r t h e i r d e c o m p o s i t i o n s i n a c i d i c , a q u e o u s s o l u t i o n s . 
A n y p r o p o s e d r e a c t i o n p a t h w a y f o r t h e d e c o m p o s i t i o n o f t h e s e d i a z o n i u m 
s a l t s m u s t e x p l a i n t h e p r o f o u n d i n f l u e n c e o f o x y g e n a n d h y d r o g e n p e r o x i d e 
a s w e l l a s t h e s e n s i t i v i t y o f t h e r e a c t i o n s t o w a r d s t h e e x p e r i m e n t a l c o n ­
d i t i o n s . 
O u r a t t e m p t s t o f i n d e v i d e n c e f o r p o s s i b l e a s s o c i a t i o n s b e t w e e n t h e 
benzened i azon ium s a l t s and o t h e r s p e c i e s a r e no t a s d e f i n i t i v e a s o n e 
w o u l d d e s i r e b e c a u s e o f t h e e x p e r i m e n t a l d i f f i c u l t i e s . T h e s t u d i e s w h i c h 
d e t e r m i n e d t h e m o l a r , e x t i n c t i o n c o e f f i c i e n t s o f t h e b e n z e n e d i a z o n i u m 
s a l t s i n t h e p r e s e n c e o f t h e i o d i d e a n d a c e t a t e a n i o n s s u g g e s t t h a t b e n -
z e n e d i a z o i o d i d e and b e n z e n e d i a z o a c e t a t e c o m p o u n d s a r e f o r m e d i n a n e q u i ­
l i b r i u m w i t h t h e r e a c t a n t s . O u r k i n e t i c a n d p r o d u c t s t u d i e s a l s o s u p p o r t 
t h e e x i s t e n c e o f a s s o c i a t i o n s b e t w e e n t h e d i a z o n i u m s a l t s a n d t h e i o d i d e 
a n d a c e t a t e an ions a s w e l l a s w i t h t h e t e r t i a r y , a r o m a t i c a m i n e s . H o w ­
e v e r , a t t h i s t i m e w e c a n n o t d i s c o u n t t h e p o s s i b i l i t y t h a t i n s o m e c a s e s 
t h e d i a z o n i u m s a l t s a re d e c o m p o s i n g b y a r a d i c a l p a t h w a y a n d t h a t t h e s e 
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c o m p l e x i n g r e a g e n t s a re a c t i n g t o c a p t u r e some i n t e r m e d i a t e r a d i c a l 
s p e c i e s and, t h e r e f o r e , t h e y can t e r m i n a t e t he r a d i c a l c h a i n r e a c t i o n . 
I n summary, t h e n , b o t h our e x p e r i m e n t a l r e s u l t s and the r e s u l t s 
which have been r e p o r t e d i n the l i t e r a t u r e i n d i c a t e t h a t a v a r i e t y o f 
r e a c t i o n pathways a re a v a i l a b l e f o r the d e c o m p o s i t i o n o f d iazon ium 
s a l t s i n a c i d i c , aqueous s o l u t i o n s . Some o f the r e a s o n a b l e pathways 
which one can e n v i s i o n c l o s e l y r e semble the r e a c t i o n pathways which 
a re n o r m a l l y r e s e r v e d f o r the r e a c t i o n s o f d iazon ium s a l t s under o t h e r 
e x p e r i m e n t a l c o n d i t i o n s . For example , the r e a c t i o n pathway which has 
been s u g g e s t e d f o r the r e a c t i o n between hypophosphorous a c i d and the 
d iazon ium s a l t s r e semb le s the r a d i c a l r e a c t i o n pathway which has been 
s u g g e s t e d f o r the d e c o m p o s i t i o n o f d i azon ium s a l t s i n d e o x y g e n a t e d , 
m e t h a n o l i c s o l u t i o n s i n the p r e s e n c e o f the a c e t a t e a n i o n . T h e r e f o r e , 
we f e e l tha t i t i s impor tan t f o r r e s e a r c h workers t o s t o p t h i n k i n g o f 
the r e a c t i o n s o f d iazon ium s a l t s so much i n terms o f "name r e a c t i o n s " 
such as t h e Sandmeyer, Schiemann and Meerwein r e a c t i o n s and t o s t a r t 
t h i n k i n g o f t h e s e r e a c t i o n s more i n terms o f the p o s s i b l e r e a c t i o n 
pathways and the i n f l u e n c e o f the r e a c t i o n medium on the c h o i c e o f the 
r e a c t i o n pathway o r c o m b i n a t i o n o f r e a c t i o n pathways by t he d i azon ium 
s a l t . 
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CHAPTER IX 
RECOMMENDATIONS 
The r e s u l t s o f our r e s e a r c h work s u g g e s t t h a t a d d i t i o n a l work i s 
r e q u i r e d t o d e f i n e the r e a c t i o n pathways f o r the d e c o m p o s i t i o n o f 
d i azon ium s a l t s i n a q u e o u s , a c i d i c s o l u t i o n s and t o e x p l o r e the 
p r o d u c t s and the u t i l i t y as p r e p a r a t i v e methods o f s e v e r a l r e a c t i o n s 
which have been d e s c r i b e d i n t h i s t h e s i s . The approaches f o r t he i n ­
v e s t i g a t i o n o f t he p o s s i b l e r e a c t i o n pathways w i l l be d i s c u s s e d a c ­
c o r d i n g t o t h e e x p e r i m e n t a l t e c h n i q u e s which seem t o be the b e s t s u i t e d 
f o r the u n d e r t a k i n g . The s u g g e s t e d t e c h n i q u e s i n c l u d e exper iments w i t h 
o x y g e n - 1 8 l a b e l l e d w a t e r , e l e c t r o n s p i n r e s o n a n c e s t u d i e s , f u r t h e r 
s t u d i e s o f r e a c t i o n s between d i azon ium s a l t s and e a s i l y o x i d i z e d s u b ­
s t a n c e s , complex f o r m a t i o n s t u d i e s and s t u d i e s o f o t h e r compounds which 
a re s t r u c t u r a l l y r e l a t e d t o t he d i azon ium s a l t s . The r e a c t i o n s which 
s h o u l d be e x p l o r e d i n c l u d e the a l k y l a t i o n - d e c a r b o x y l a t i o n sequence 
which was u sed t o p r e p a r e TMPD, the r e a c t i o n s be tween d iazon ium s a l t s 
and hydrogen p e r o x i d e as w e l l as p o t a s s i u m i o d i d e . 
Our k i n e t i c s t u d i e s i n d i c a t e t h a t m o l e c u l a r oxygen has a p r o f o u n d 
i n f l u e n c e on the r a t e o f d e c o m p o s i t i o n f o r two s u b s t i t u t e d b e n z e n e ­
d iazon ium s a l t s but no t f o r the u n s u b s t i t u t e d and t he 4 - m e t h y l b e n z e n e -
d iazon ium s a l t s . The e x a c t manner i n which oxygen i n f l u e n c e s the r e ­
a c t i o n s depends on some u n d e f i n e d f a c t o r s . T h e r e f o r e , t he d e c o m p o s i t i o n 
o f t he benzened iazon ium s a l t s s h o u l d be c a r r i e d out i n oxygen -18 l a b e l l e d 
wa te r under a v a r i e t y o f e x p e r i m e n t a l c o n d i t i o n s . The o x y g e n - 1 8 c o n t e n t 
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o f t he i s o l a t e d p h e n o l would a l l o w the d e t e r m i n a t i o n o f the s o u r c e o f 
t he o x y g e n , t ha t i s , e i t h e r f rom the l a b e l l e d wa te r o r f rom the u n l a b e l l e d 
oxygen gas wh ich i s d i s s o l v e d i n the aqueous s o l u t i o n . The o x y g e n - 1 8 
c o n t e n t o f the p h e n o l would a l l o w the d e t e r m i n a t i o n o f the r e l a t i v e im­
p o r t a n c e o f t h e s imp le p h e n y l c a t i o n pathway and some u n d e f i n e d r a d i c a l 
pathway which i n v o l v e s the d i r a d i c a l , m o l e c u l a r o x y g e n . An o x y g e n - 1 8 
c o n t e n t o f the p h e n o l which i s e q u a l t o t h a t o f the l a b e l l e d wa te r 
would i n d i c a t e t h a t o n l y the p h e n y l c a t i o n pathway i s i m p o r t a n t . I f 
t h e oxygen -18 c o n t e n t i s l e s s f o r t he p h e n o l than i t i s f o r the w a t e r , 
ano the r pathway must be c o n s i d e r e d . The e x p e r i m e n t a l f a c t o r s whose i n ­
f l u e n c e s h o u l d be i n v e s t i g a t e d by t h i s t e c h n i q u e i n c l u d e the pH o f the 
s o l u t i o n , t h e i n f l u e n c e o f the s u b s t i t u e n t f u n c t i o n s , the p r e s e n c e o f 
c o p p e r s a l t s , and the i n f l u e n c e o f e a s i l y o x i d i z e d compounds such as 
t h i o p h e n o l , TMPD and the i o d i d e a n i o n . 
There appears t o be o n l y one s tudy where the e l e c t r o n s p i n r e s o n ­
ance s p e c t r a l t e c h n i q u e has been used t o i n v e s t i g a t e the d e c o m p o s i t i o n 
o f a d i azon ium s a l t i n an a c i d i c , aqueous s o l u t i o n . I n t h i s work t h e 
p r e s e n c e o f t he p h e n o l ( t h e s o l v o l y s i s p r o d u c t o f t he d i azon ium s a l t ) 
and t he pH o f the s o l u t i o n appeared t o be i m p o r t a n t . Th i s t e c h n i q u e 
shows p romise i n d e t e c t i n g and d e f i n i n g the p o s s i b l e f r e e r a d i c a l p a t h ­
ways which a r e a p p a r e n t l y i n v o l v e d i n the d e c o m p o s i t i o n o f some d iazon ium 
s a l t s . However , the r e s u l t s o f o t h e r workers i n d i c a t e t ha t the i d e n t i t y 
o f t he s p e c i e s which i s r e s p o n s i b l e f o r the s p e c t r a which have been o b ­
s e r v e d under o t h e r e x p e r i m e n t a l c o n d i t i o n s i s ambiguous . A r e s e a r c h p r o ­
gram which i s d e s i g n e d t o de te rmine the i d e n t i t y o f the r a d i c a l s p e c i e s 
and the i n f l u e n c e o f t he r e a c t i o n medium would be h e l p f u l t o d e f i n e t he 
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r a d i c a l pathway f o r the d e c o m p o s i t i o n o f d i azon ium s a l t s i n a c i d i c , 
aqueous s o l u t i o n s . 
There a r e s e v e r a l a c c o u n t s i n the l i t e r a t u r e o f r e a c t i o n s between 
the d iazon ium s a l t s and e a s i l y o x i d i z e d s u b s t a n c e s . Free r a d i c a l r e a c ­
t i o n pathways have been s u g g e s t e d f o r a number o f t h e s e r e a c t i o n s b e ­
cause t h e s e r e a c t i o n s a re v e r y f a s t and because p r o d u c t s t u d i e s have 
been v e r y d i f f i c u l t t o p e r f o r m i n e i t h e r a q u a l i t a t i v e o r q u a n t i t a t i v e 
f a s h i o n . Examples o f such r e a c t i o n s a re the r e a c t i o n be tween the i o d i d e 
q 
a n i o n and t h e 4 - p h e n y l e n e t e t r a z o n i u m s a l t 7 and t he r e a c t i o n between 
g 
t h i o p h e n o l and the d iazon ium s a l t s . K i n e t i c and p r o d u c t s t u d i e s o f 
t h e s e and o f r e l a t e d r e a c t i o n s would be hard t o p e r f o r m e x p e r i m e n t a l l y , 
but t h e y would be e x p e c t e d t o p r o d u c e u s e f u l i n f o r m a t i o n c o n c e r n i n g the 
r e a c t i o n pathways as w e l l as t o d e f i n e u s e f u l p r e p a r a t i v e r e a c t i o n s . 
A p p a r e n t l y , t h e r e i s no e v i d e n c e i n the l i t e r a t u r e t ha t d i azon ium 
s a l t s can f o r m p i c o m p l e x e s , a l t h o u g h the a s s o c i a t i o n s between the 
t e r m i n a l n i t r o g e n o f the d iazon ium f u n c t i o n and a v a r i e t y o f compounds 
have been e x t e n s i v e l y i n v e s t i g a t e d . The q u e s t i o n o f whether the r e a c ­
t i o n s o f our s t u d i e s i n v o l v e a p i o r a sigma complex c o u l d be impor tan t 
t o de te rmine the c h o i c e o f the r e a c t i o n pathway by the d iazon ium s a l t . 
There a re s e v e r a l s p e c t r a l expe r imen t s which c o u l d h e l p t o c l a r i f y t h i s 
q u e s t i o n . F i r s t , o t h e r s o l v e n t s b e s i d e s wa te r and mixed s o l v e n t s would 
a l l o w the use o f h i g h e r c o n c e n t r a t i o n s o f t he p o t e n t i a l c o m p l e x i n g r e ­
agen t s and, t h e r e f o r e , the u se o f Eq. 2 3 and the q u a n t i t a t i v e method 
which was o u t l i n e d i n the d i s c u s s i o n o f the u l t r a v i o l e t s p e c t r a l s t u d i e s . 
S e c o n d l y , o t h e r l e s s r e a c t i v e compounds c o u l d be u s e d i n t h e s e complex 
f o r m a t i o n s t u d i e s . The compounds wh ich would be the most r e l e v a n t a re 
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c o m p o u n d s w h e r e t h e d i a z o n i u m f u n c t i o n i s r e p l a c e d b y t h e n i t r o f u n c t i o n . 
T h i r d l y , u s e f u l c o r r e l a t i o n s c o u l d b e e x p e c t e d t o b e f o u n d f r o m n u c l e a r 
m a g n e t i c r e s o n a n c e s p e c t r a l s t u d i e s i f t h e n e w e r m o d e l i n s t r u m e n t s a r e 
u s e d w h i c h p e r m i t l o w e r c o n c e n t r a t i o n s o f t h e r e a c t a n t s t o b e u s e d . A 
s e c o n d e x p e r i m e n t a l a p p r o a c h i s t h e i n v e s t i g a t i o n o f t h e p o s s i b i l i t y t h a t 
e x c h a n g e r e a c t i o n s b e t w e e n t h e d i a z o n i u m s a l t s a n d a m i n e s c a n o c c u r . S u c h 
e x c h a n g e r e a c t i o n s c a n b e r e p r e s e n t e d b y t h e g e n e r a l e q u a t i o n s o f E q s . 2 4 
a n d 2 5 . I f a n e x c h a n g e i s o b s e r v e d , a n a s s o c i a t i o n w h i c h i n v o l v e s t h e 
t e r m i n a l n i t r o g e n o f t h e d i a z o n i u m f u n c t i o n i s i n d i c a t e d . T h e r e a r e t w o 
e x p e r i m e n t a l t e c h n i q u e s w h i c h c a n b e u s e d t o d e t e c t s u c h a n e x c h a n g e . 
F i r s t , t h e t e r m i n a l n i t r o g e n o f t h e d i a z o n i u m f u n c t i o n c o u l d b e l a b e l l e d 
w i t h n i t r o g e n - 1 5 a n d a f t e r t h e r e a c t a n t s h a v e b e e n m i x e d t h e d i a z o n i u m 
s a l t c o u l d b e i s o l a t e d b y c o u p l i n g i t w i t h a n a c t i v a t e d p h e n o l t o f o r m 
a n a z o b e n z e n e c o m p o u n d . T h e u s e o f a m a s s s p e c t r o p h o t o m e t e r c o u l d d e ­
t e r m i n e t h e n i t r o g e n - 1 5 c o n t e n t o f t h e a z o b e n z e n e p r o d u c t . S e c o n d l y , b y 
a c a r e f u l c h o i c e o f t h e r e a c t i o n c o n d i t i o n s a n d o f t h e s u b s t i t u e n t f u n c ­
t i o n s R a n d R ' , e x p e r i m e n t s c o u l d b e d e s i g n e d s o t h a t t h e d i a z o n i u m s a l t 
w h i c h w a s o r i g i n a l l y a d d e d t o t h e s o l u t i o n c o u l d n o t c o u p l e t o f o r m t h e 
a z o b e n z e n e c o m p o u n d b u t t h e d i a z o n i u m s a l t w h i c h i s f o r m e d b y t h e e x ­
c h a n g e r e a c t i o n c o u l d c o u p l e t o f o r m t h e a z o b e n z e n e c o m p o u n d w i t h a 
( E q . 2 4 ) 
( E q . 2 5 ) 
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p h e n o l o r an a r o m a t i c amine which was added t o t he s o l u t i o n . The p r o g r e s s 
o f such a r e a c t i o n c o u l d be f o l l o w e d c o n t i n u o u s l y by o b s e r v i n g the a p p e a r ­
ance o f the peak which i s due t o the azobenzene compound. Such peaks a r e 
u s u a l l y i n the v i s i b l e r e g i o n and, t h e r e f o r e , t he peaks o f the r e a c t a n t s 
would no t i n t e r f e r e , s i n c e t h e y a re u s u a l l y l o c a t e d i n the u l t r a v i o l e t 
r e g i o n . 
The e x p e r i m e n t a l t e c h n i q u e s which have been d e s c r i b e d t o t h i s p o i n t 
c o n c e r n t h e m s e l v e s c h i e f l y w i t h t he i n v e s t i g a t i o n o f a p a r t i c u l a r d i azon ium 
s a l t under a p a r t i c u l a r s e t o f e x p e r i m e n t a l c o n d i t i o n s . However, t he b e ­
h a v i o r o f d i a z o n i u m s a l t s depends on the p o s s i b l e r e s o n a n c e i n t e r a c t i o n s 
between t he d i a z o n i u m f u n c t i o n and t h e o t h e r s u b s t i t u e n t f u n c t i o n s o f the 
d iazon ium s a l t . For example , t he 4 - m e t h o x y - f u n c t i o n i s s a i d t o s t a b i l i z e 
the d iazon ium f u n c t i o n by i t s e l e c t r o n - d o n a t i n g a b i l i t y . The s u b s t i t u t i o n 
o f o t h e r f u n c t i o n s f o r t he 4 - m e t h o x y - f u n c t i o n and q u a n t i t a t i v e c o r r e l a ­
t i o n s o f the da ta which a r e o b t a i n e d f rom the r e a c t i o n s o f t h e s e d i azon ium 
s a l t s have l e d t o u s e f u l knowledge c o n c e r n i n g t h e i r r e a c t i o n pa thways . 
R e c e n t l y a number o f p r e p a r a t i v e schemes have been r e p o r t e d f o r o t h e r 
compounds where t he d e g r e e o f the r e s o n a n c e i n t e r a c t i o n between t he 
d i azon ium f u n c t i o n and the remainder o f the m o l e c u l e can be c o n t r o l l e d by 
t he pH o f the s o l u t i o n . An i n v e s t i g a t i o n o f t h e s e compounds by t h e u s u a l 
e x p e r i m e n t a l t e c h n i q u e s would p r o v e t o be r e w a r d i n g , s i n c e such i n v e s t i ­
g a t i o n s would a l l o w the d e g r e e o f the r e s o n a n c e i n t e r a c t i o n s t o undergo 
+ .
 U 1 0 7 , 1 0 8 , 1 0 9 a c o n t i n u o u s change . • * 9 y 
1 0 7 T . S e v e r i n and A. J . Dah l s t rom, Angew. Chem. I n t . , 3 , 8 0 1 ( 1 9 6 4 ) . 
1 0 8 K . B o t t , Angew. Chem. I n t . , 2 , 8 0 4 ( 1 9 6 4 ) . 
1 0 9 H . R e i m l i n g e r , Angew. Chem. I n t . , 2 , 4 8 2 ( 1 9 6 3 ) . 
125 
S e v e r a l r e a c t i o n sequences have been d e s c r i b e d i n t h i s t h e s i s which 
o f f e r p r o m i s e as u s e f u l , p r e p a r a t i v e r e a c t i o n s . The a l k y l a t i o n - d e c a r b o x y -
l a t i o n sequence which was u sed t o p r e p a r e TMPD was no t i n v e s t i g a t e d e x t e n ­
s i v e l y by u s , but i t does show p romise f o r the N - m e t h y l a t i o n o f a c t i v a t e d 
amines . At t h i s t ime the d e c a r b o x y l a t i o n s t e p i s t he l e a s t s a t i s f a c t o r y 
s t e p i n the s e q u e n c e . The r e a s o n s f o r t he p o o r y i e l d s which have been 
o b s e r v e d f o r t h i s s t e p c o u l d i n c l u d e a c i d anhydr ide f o r m a t i o n s and a r a d i c a l 
pathway. These p o s s i b i l i t i e s s h o u l d be i n v e s t i g a t e d . A s e c o n d r e a c t i o n 
i s t he o x i d a t i o n o f the d iazon ium s a l t s by hydrogen p e r o x i d e i n an a c i d i c , 
aqueous s o l u t i o n . Such o x i d a t i o n s o f d i a z o compounds i n a l k a l i n e medium 
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have been e x t e n s i v e l y i n v e s t i g a t e d , but a p p a r e n t l y we a re the f i r s t t o 
a t tempt t h e o x i d a t i o n under our a c i d i c e x p e r i m e n t a l c o n d i t i o n s . However , 
L e e , C a l v e r t and Malmberg55 have r e p o r t e d t he p h o t o l y s i s o f 4 - n i t r o b e n z e n e -
d iazon ium c h l o r i d e i n 98 p e r c e n t hydrogen p e r o x i d e s o l u t i o n . The a r o m a t i c 
h y d r o p e r o x i d e 4-02NC^H^02H was s a i d t o have been o b t a i n e d i n a c h l o r o f o r m 
s o l u t i o n by t h e e x t r a c t i o n o f the r e a c t i o n m i x t u r e . When wate r was added 
t o t h i s s o l u t i o n , then oxygen was e v o l v e d and 4 - n i t r o p h e n o l was d e t e c t e d . 
No f u r t h e r r e p o r t s by t h e s e workers have appeared i n t he l i t e r a t u r e c o n ­
c e r n i n g t he p o s s i b l e f o r m a t i o n o f a r o m a t i c h y d r o p e r o x i d e s w h i c h , p e r h a p s , 
i s a s i g n i f i c a n t o b s e r v a t i o n c o n c e r n i n g the e x i s t e n c e and the s t a b i l i t y o f 
t h e s e compounds. I n a l k a l i n e s o l u t i o n s the o x i d a t i o n o f d iazon ium s a l t s 
by t he f e r r i c y a n i d e i o n , the permanganate i o n o r hydrogen p e r o x i d e l e a d s 
t o t he f o r m a t i o n o f a r y l n i t r a m i n e s , ArNHNOg. T h e r e f o r e , an i n v e s t i g a t i o n 
o f t he p r o d u c t s and o f the r e a c t i o n pathway which a re formed under our 
m i ld e x p e r i m e n t a l c o n d i t i o n s would be e x p e c t e d t o be r e w a r d i n g . Our r e ­
a c t i o n sequence c o u l d l e a d t o a s u c c e s s f u l p r e p a r a t i v e r o u t e t o the unknown 
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a r o m a t i c h y d r o p e r o x i d e s . A t h i r d r e a c t i o n i s t h e r e a c t i o n b e t w e e n t h e 
4 - n i t r o b e n z e n e d i a z o n i u m s a l t a n d p o t a s s i u m i o d i d e i n a n a c i d i c ( p H 5 . 0 ) , 
a q u e o u s s o l u t i o n . T h i s r e a c t i o n s h o u l d b e i n v e s t i g a t e d f o r t h e o t h e r 
d i a z o n i u m s a l t s . 
1 2 7 
BIBLIOGRAPHY* 
R. A . A b r a m o v i t c h , W. A . Hymers, J . B. Rajan and R. W i l s o n , Te t r ahed ron 
L e t t e r s , 1 9 6 3 , 1507. 
R. A . Abramovi t ch and J . G. Sana, J . Chem. S o c . , 1964* 2 1 7 5 . 
R. A . Abramovi t ch and G. T e r t z a k i a n , Te t r ahedron L e t t e r s , 1 9 6 3 , 1 5 1 1 . 
L. C. Anderson and J . W. S t e e d l y , J r . , J . Am. Chem. S o c . , 7 6 , 5144 ( 1 9 5 4 ) . 
L . J . Andrews and R. M. K e e f e r , " M o l e c u l a r Complexes i n Organ ic C h e m i s t r y , " 
Holden-Day, I n c . , San F r a n c i s c o , 1 9 6 4 , p p . 1 5 - 3 1 , 4 4 - 7 7 , 
W. E. Backmann and R. A. Hoffman, "Organic R e a c t i o n s , " V o l , I I , John W i l e y 
and S o n s , I n c . , New Y o r k , p . 224 ( 1 9 4 4 ) . 
A. J . Be l lamy and R. D. G u t h r i e , J . Chem. S o c . , 1 9 6 5 . 3 5 2 8 , 
G. B i n s c h and C. Rucha rd t , J . Am. Chem. S o c . , 8 8 , 174 ( 1 9 6 6 ) . 
K. B o t t , Angew. Chem., I n t . E d . , 8O4 ( 1 9 6 4 ) . 
K. B o t t , Angewandte Chemie, 7 7 , 132 ( 1 9 6 5 ) . 
R. S. B o t t e l and N. H. Furman, A n a l y t i c a l Chemis t ry , 2 £ , 119 ( 1 9 5 7 ) . 
E . A . Boudreaux, H. B. Jonassen and L . J Q T h e r i o t , J . Am. Chem. S o c . , 8 5 <, 
2 0 3 9 ( 1 9 6 3 ) . 
E. A. Boudreaux, H. B. Jonassen and L . J . T h e r i o t , J . Am. Chem. S o c . , 8 5 , 
2 8 9 6 ( 1 9 6 3 ) . 
K. R. Brower , J . Am. Chem. S o c . , 8 2 , 4 5 3 5 ( 1 9 6 0 ) . 
W. F. Bruce and J . S e i f t e r , U. S. Pa ten t 2 , 5 6 8 , U 1 ( 1 9 5 1 ) . 
A. Lo Buchachenko, " S t a b l e R a d i c a l s , " Consu l t an t s Bureau, New Y o r k , 1 9 6 5 , 
p . 1 3 0 . 
T. W. Campbel l , J . Am. Chem. S o c . , 71., 740 ( 1 9 4 9 ) . 
J . G. Carey , G. Jones and I . T. M i l l a r , Chemis t ry and I n d u s t r y ( L o n d o n ) , 
1 9 5 9 , 1 0 1 8 . 
^ A b b r e v i a t i o n s u sed i n t h i s b i b l i o g r a p h y and t e x t f o l l o w the fo rm employed 
by Chemical A b s t r a c t s , ^ , 1J ( 1 9 6 1 ) . 
128 
J. G. Carey and I . T. M i l l a r , Chemistry and Indus t ry (London), 1960, 97. 
T. Cohen, A. H. Dinwoodie and L. D. McKeever, J. Org. Chem., 27 , 3385 0 9 6 2 ) . 
T. Cohen and J. L i p o w i t z , J. Am. Chem. S o c . , 86, 2514? 2515 (1964) . 
J. E. Cooper, T h e s i s , The Rice I n s t i t u t e , 1959; E. S. Lewis and H. 
Suhr, J . Am. Chem. S o c . , 82, 862 ( i 960 ) . 
J . R. Cox, J r . , C. L. Gladys , L . F i e l d and D. E. Pearson, J . Org. Chem., 
25 , 1083 (1963) . 
J . R. Cox, J r . and B. D. Smith, J . Org. Chem., 29, 488 (1964) . 
R. J . Cox and J. Kumamoto, J. Org. Chem., JO, 4254 ( 1 9 6 5 ) . 
W. A. Cowdrey and D. S. Dav ies , J . Chem. S o c . , p . S48 (1949) . 
M. L. C r o s s l e y , R. H. Kienle and C. H. Benbrook, J. Am. Chem. S o c . , 62, 
1400 (1940) . 
D. Y. Cur t in and J. L. Tueton, J . Org. Chem., 26, 1794 ( 1 9 6 1 ) . 
A. T. DeMonilpied, J . Chem. S o c . , 87, 435 0 9 0 5 ) . 
DeLos F. DeTar, "Organic R e a c t i o n s , " V o l . IX, John Wiley and Sons, New York, 
p . 409 (1958) . 
DeLos F. DeTar and A. R. B a l l e n t i n e , J . Am. Chem. S o c . , 78 , 3916 (1956) . 
DeLos F. DeTar and T. Kosuge, J . Am. Chem. S o c . , 80, 6072 (1958) . 
DeLos F. DeTar and M. N. Ture tzky , J. Am. Chem. S o c . , 78, 3925 0 9 5 5 ) . 
S. C. Dickerman, A. M. F e l i x and L. B. Levy , J . Org. Chem.. 29, 26 (1964) . 
S. C. Dickerman, N. M i l s t e i n and J. F. W. McOmie, J . Am. Chem. S o c . , 87, 
5521 ( 1 9 6 5 ) . 
S. C. Dickerman and K. Weiss , J . Org. Chem., 22, 1070 ( 1 9 5 7 ) . 
J. W. Eastman, G. Engolsma and M. C a l v i n , J. Am. Chem. S o c . , 8£, 1339 (1962) . 
P. H. Emslie and R. F o s t e r , Tet rahedron. 1964, 1489. 
R. Fos te r and T. J . Thomson, Faraday S o c i e t y Transac t ions (London), 59 , 
1059 (1963) . 
R. Fos te r and T. J . Thomson, Faraday S o c i e t y Transac t ions (London), 59 , 
2287 (1963) . 
1 2 9 
A . A . F r o s t and R. G. P e a r s o n , " K i n e t i c s and Mechanism," John W i l e y and S o n s , 
New Y o r k , Second E d i t i o n , 1 9 6 1 . 
E . J . G e e l s , R. Konaka and G. A . R u s s e l l , Chemical Communications ( L o n d o n ) , 
1 , 1 3 ( 1 9 6 5 ) . 
T . L . Gresham and F . W. S h a v e r , U. S . P a t e n t 2 , 5 6 8 , 6 2 1 ( 1 9 5 1 ) . 
W. E . Hanby and W. A . W a t e r s , J . Chem. S o c . , 1 9 3 9 , 1 7 9 2 . 
M. F . Hawthorne and F . P. O l s e n , J . Am. Chem. S o c . , 8 7 , 2 3 6 6 ( 1 9 6 5 ) . 
A . K. Ingberman, D i s . A b s . , 2 0 , 8 0 - 1 ( 1 9 5 9 ) . 
I . I s e n b e r g and S . L . B a i r d , J r . , J . Am. Chem. S o c . , 8 4 , 3 8 0 3 ( 1 9 6 2 ) . 
T . B. Johnson and R. B. B e n g i s , J . Am. Chem. S o c . , 22> 7 4 5 ( 1 9 1 1 ) . 
P. S . Johnson and W. A . W a t e r s , J . Chem. S o c . , 1 9 6 2 , 4 6 5 2 . 
L . B . Jones and G. S . Hammond, J . Am. Chem. S o c . , 8 7 , 4 2 2 0 ( 1 9 6 5 ) . 
K a l l e and C o . , German P a t e n t 3 7 5 , 4 6 3 , a b s t r a c t e d i n P. F r i e d l a n d e r , 
F o r t s c h . T e e r f a r b e n f a b r i k , 1 4 , 4 0 0 ( 1 9 2 6 ) . 
J . K. K o c h i , J . Am. Chem. S o c . , 7 7 , 3 2 0 8 ( 1 9 5 5 ) . 
N. Kornblum, "Organic R e a c t i o n s , " V o l . I I , John W i l e y and S o n s , New Y o r k , 
1 9 4 4 , p . 2 6 2 . 
N. Kornblum, G. D. Cooper and J . E . T a y l o r , J . Am. Chem. S o c . , 7 2 , 3 0 1 3 , 
( 1 9 5 0 ) . 
T . Kuni take and C. C. P r i c e , J . Am. Chem. S o c . , 8 5 , 7 6 1 ( 1 9 6 3 ) . 
W. E . L e e , J . G. C a l v e r t and E . W. Malmberg, J . Am. Chem. S o c . , 8 J , 
1 9 2 8 ( 1 9 6 1 ) . 
E . S . L e w i s , J . Am. Chem. S o c . , 8 0 , 1 3 7 1 ( 1 9 5 8 ) . 
E . S . Lewis and J . E . Cooper , J . Am. Chem. S o c . , 8 4 , 3 8 4 7 ( 1 9 6 2 ) . 
E . S . Lewis and W. H. H i n d s , J 0 Am. Chem. S o c . , 7 ^ , 3 0 4 ( 1 9 5 2 ) . 
E . S . Lewis and J . M. I n s o l e , J . Am. Chem. S o c . , 8 6 , 3 2 , 3 4 ( 1 9 6 4 ) . 
E . S . Lewis and M. D. Johnson , J . Am. Chem. S o c . , 8 4 , 5 4 0 8 ( i 9 6 0 ) . 
E . S . L e w i s , J . L . K i n s e y and R. R. J o n s o n , J . Am. Chem. S o c . , 7 8 , 4 2 9 4 
( 1 9 5 6 ) . 
130 
E. S. Lewis and E. B. M i l l e r , J . Am. Chem. S o c . , 7 5 , 429 ( 1 9 5 3 ) . 
E . S. Lewis and H. Suhr , Chem. B e r . , £ 2 , 3043 ( 1 9 5 9 ) . 
B. I . L i o g o n k i i , L . S. Lynbchenko , A. A. B e r l i n , L . A. B l y u m e n f e l ' d and 
V . P . P a r i n i , Vysokomoleku lya rnye S o e d i n e n i y a , 2 , 1494 ( 1 9 6 0 ) . 
J . L i p o w i t z and T. Cohen, J . Org. Chem., JO, 3891 ( 1 9 6 5 ) . 
P . M a s t a l e r z , R o c z n i k i Chemi. ^ 6 , 1093 ( 1 9 6 2 ) . 
H. Meerwein , H. A l l e n d o r f e r , P . Beekmann, F. R. Kuner t , H. M o r s c h e l l , 
F. P a w e l l e k , and K. L. W u n d e r l i c h , Angewandte Chemie, 7 0 , 211 ( 1 9 5 8 ) . 
R. Meyer , Chem. B e r . , J6, 2979 ( 1 9 0 3 ) . 
L. M i c h a e l i s and M. P. S c h u b e r t , J . B i o l . Chem., JM5, 221 ( 1 9 3 6 ) . 
L . M i c h a e l i s and M. P. S c h u b e r t , J . B i o l . Chem., 106 , 331 ( 1 9 3 4 ) . 
P . M i l e s and H. S u s c h i t z k y , T e t r a h e d r o n , 18 , 1369 ( 1 9 6 2 ) . 
T . Mi t suhash i and 0 . Simaura, Chemis t ry and I n d u s t r y ( L o n d o n ) , 1964, 5 7 8 . 
E. A . Moelwyn-Hughes and P. Johnson , T r a n s . Fara . S o c . , 1940 , 9 4 8 . 
D. C. Nonhebe l and W. A. Wa te r s , Advances i n C a t a l y s i s , V o l . I X , 351 ( 1 9 5 7 ) . 
W. A. N o y e s , Organ ic S y n t h e s i s , V o l . I I , p . 108 . 
H. P. P a t e l and J . M. T e d d e r , J . Chem. S o c . , 1963 , 4 8 8 9 . 
L . D. Quin and J . S . Humphrey, J r . , J . Am. Chem. S o c . , 8 J , 4124 ( 1 9 6 1 ) . 
H. R e i m l i n g e r , Angew. Chem.. I n t . E d . , 2 , 482 ( 1 9 6 3 ) . 
A . R o e , "Organic R e a c t i o n s , " John W i l e y and S o n s , New Y o r k , V o l . 5 , p . 198 . 
A. Roe and J . R. Graham, J . Am. Chem. S o c . , 7 £ , 6297 ( 1 9 5 2 ) , 
M. A . T . R o g e r s , J . Chem. S o c . , 1956 , 2 7 8 4 . 
C. S. R o n d e s t r e d t , "Organic R e a c t i o n s , " John W i l e y and S o n s , New Y o r k , 
1960 , V o l . X I , p . 189 . 
C. Ruchardt and B. F reudenbery , Te t r ahed ron L e t t e r s , 1964 , 3 6 2 3 . 
C. Ruchardt and E. Merz , Te t r ahed ron L e t t e r s , 1964 . 2 4 3 1 . 
G. A. R u s s e l l and E. J , G e e l s , J . Am. Chem. S o c . , 8 7 , 122 ( 1 9 6 5 ) . 
1 3 1 
K. H. S a u n d e r s , "The Aromat ic Diazo-Compounds and T h e i r T e c h n i c a l A p p l i ­
c a t i o n s , " Second E d i t i o n , E . A r n o l d and C o . , London, 1949 . 
T . S e v e r i n and A . J . D a h l s t r o m , Angew. Chem., I n t . E d . , 3 , 801 ( 1 9 6 4 ) . 
R. M. S c h i b n e r , J . O r g . Chem., 29_, 3 4 2 9 ( 1 9 6 4 ) . 
P. S c h u s t e r and 0 . E . P o l a n s k y , M o n a t s h e f t e f u r Chemie , 9 6 , 396 ( 1 9 6 5 ) . 
W. Smith and C. E . W a r i n g , J . Am. Chem. S o c . , 6 4 , 469 ( 1 9 4 2 ) . 
G. S o s n o v s k y , "Free R a d i c a l R e a c t i o n s i n P r e p a r a t i v e Organic C h e m i s t r y , " 
The M a c M i l l a n Company, New Y o r k , 1964 , p . 1 8 1 . 
R. W. T a f t , J . Am. Chem. S o c . , 8 £ , 3350 ( 1 9 5 9 ) . 
R. W. T a f t , S . Ehrenson , I . C. L e w i s , R. C. G l i c k , J . Am. Chem. S o c . , 6 2 , 
1400 ( 1 9 6 0 ) . 
R. W. T a f t , I . R. Fox and I . C. L e w i s , J . Am. Chem. S o c , 8 J , 3 3 4 9 , 3350 
( 1 9 6 1 ) . 
J . M. Tedder and G. T h e a k e r , T e t r a h e d r o n , 5 , 288 ( 1 9 5 7 ) . 
0 . V o g l and C. S . R o n d e s t r e d t , J r . , J . Am. Chem. S o c . , 7 8 , 3799 ( 1 9 5 6 ) . 
0 . V o g l and C. S . R o n d e s t r e d t , J r . , J . Am. Chem. S o c . , 7 7 , 3067 ( 1 9 5 5 ) . 
C. W a l l i n g , "Free R a d i c a l s i n S o l u t i o n s , " John W i l e y and S o n s , I n c . , 
New Y o r k , 1957 , p p . 5 1 8 - 5 2 2 . 
W. A . W a t e r s , J . Chem. S o c . , 1 9 4 2 . 2 6 6 . 
W. A . W a t e r s , "Chemistry o f Free R a d i c a l s , " Second E d i t i o n , O x f o r d 
U n i v e r s i t y P r e s s , Amen House , London, 1948 , p p . 1 4 6 - 1 5 6 . 
K. B. W h e t s e l , G. F . Hawkins and F. E . Johnson , J . Am. Chem S o c . , 7 8 , 
3360 ( 1 9 5 6 ) . 
W. K. W i l m a r t h and N. S c h w a r t z , J . Am. Chem. S o c . , 7 7 , 4 5 4 3 , 4551 ( 1 9 5 5 ) . 
S . Y a r o s l a v s k y , T e t r a h e d r o n L e t t e r s , 1965 , 1503 . 
P. J . Z a n d s t r a and E . M. E v l e t h , J . Am. Chem. S o c . , 8 6 , 2 6 6 4 ( 1 9 6 4 ) . 
D. Z . Z a v e l ' s k i and L . A . L i s h n e v s k a i a , J . o f Gen. Chem. U . S . S . R . , 2 8 , 
2602 ( 1 9 5 8 ) . 
H. Z o l l i n g e r , "Azo and D i a z o C h e m i s t r y , A l i p h a t i c and Aromat i c Compounds," 
I n t e r s c i e n c e P u b l i s h e r s , I n c . , New Y o r k , 1 9 6 1 . 
132 
VITA 
BENJAMIN DENNIS SMITH was b o r n J u l y 1 6 , 1938 , i n N o r f o l k , V i r g i n i a . 
He m a t r i c u l a t e d a t t h e C o l l e g e o f W i l l i a m and Mary i n W i l l i a m s b u r g , 
V i r g i n i a , i n September 1956 and i n June 1960 was g radua ted w i t h t he d e ­
g r e e . B a c h e l o r o f S c i e n c e , i n c h e m i s t r y . I n September 1960 he began 
g radua te s t u d y a t t h e Geo rg i a I n s t i t u t e o f T e c h n o l o g y i n A t l a n t a , G e o r g i a . 
